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INTRODUCTION 


The Old and the New 


HE whaling industry of the nineteenth 

century reached its zenith in 1846 when 
there were 735 vessels in the American fleet 
alone. It did not die at once when petroleum 
came into general use as an illuminant after 
the middle of the century. There was still a 
market for whale oil and whalebone, but pro- 
fits from the business diminished steadily. Few 
new whaleships were built, and before the close 
of the century, the taking of whales by ships 
using open boats for harpooning came prac- 
tically to an end. Many vessels had been lost 
during the Civil War. Some were destroyed 
by Confederate cruisers. The Government 
purchased forty-five which were filled with 
stone and sunk in attempts to close the chan- 
Steel had taken the 
place of whalebone for many light articles 
and mineral oils were coming into use for var- 
ious purposes. 


nels to southern harbors. 


My introduction to old time whaling began 
in June, 1885, when as naturalist on the Arctic 
voyage of the U.S.S. “Corwin” I visited whale- 
ships at Bering Straits awaiting a movement of 
the ice that would permit their entry into the 
Arctic Ocean. These were the steam whalers 


*Rept. 
Representatives. 


Arctic Cruise, U.S.S. ‘Corwin,’ 1885. Hs. of 
49th Cong. Ist Sess. Ex. Doc. No. 1538. 


Balaena and Orca and the barks Helen Mar, 
Jacob A. Howland and Fleetwing. Later, above 
the Straits, the “Corwin” found the barks 
Wanderer, Dawn, Mary and Susan, Stamboul, 
Mabel, Arnolda, George and Susan, Ohio, Fran- 


cis Palmer, and Reindeer. 


A few of these vessels were already more 
than forty years old, the George and Susan 
being seventy-five. The steam whalers were 
comparatively new, being full-rigged sailing 
vessels with auxiliary power. The bark Wan- 
derer, built in 1878, was one of the few whale- 
ships that lasted into the next century, remain- 
ing afloat until 1924—\the last of the American 
sailing whalers. There were in 1885 thirty- 
two of these old time whaleships in the Arc- 
tic. Some of them ended their careers that 
season. The George and Susan and the Mabel 
dragged their anchors and went ashore during 
a gale. The Gazelle, Rainbow, and Stamboul 
were crushed in the ice, the last losing twenty- 
Some of the ships that were between 
the ice and the Alaskan lee shore were towed to 
positions of safety by the “Corwin.” Some 
of the survivors from the wrecked vessels were 
distributed among other vessels of the fleet. 
The remaining fifty-four castaways, more or 
less ragged and frost-bitten, had to be packed 


two men. 
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Map showing the stations of the whaling companies operating in 1928-1929. 


fjord, 1928.) 


Courtesy of the Geographical Review. 


(After 
the Register of the Whaling Fleet, Whalers’ Mutual Insurance Association, Sande- 


Published by the American 


Geographical Society of New York. 


into the “Corwin” for transportation home, 
to the enormous discomfort of all of us. Dis- 
asters in Arctic whaling had happened before. 
In 1871 thirty-four whaleships above Bering 
Straits were either crushed or driven ashore 
by the ice. This was the greatest calamity 
that befell the old time fleet. In December, 
1885 I visited certain localities on the coast of 
California where the taking of whales by open 
boats operating from whaling stations located 
on shore was still practiced.* The few stations 
remaining in operation were located at Mon- 
terey, San Simeon, San Luis Obispo, Point Con- 
ception and San Diego. The fishery was based 
on the Pacific Gray Whale, other species being 
rarely taken, and the industry was declining. 
It is not our purpose to discuss here, whaling 
methods of the past. ‘They have been well 
described in many books. What has been writ- 
ten above is merely a personal side light on the 
subject. 


The whaling industry of today is carried on 
by methods that are vastly more efficient. It is 
based chiefly on species of whales that could 


not be captured by such equipment as was 
formerly employed. The change in methods 
was gradual. A few sailing vessels, in ever 
diminishing numbers, remained in service after 
the close of the nineteenth century, while large 
steam-powered hunting boats, working from 
shore stations, had already been in use for 
several years. 


The hand-thrown harpoon had been replaced 
by the Svend Foyn cannon, firing a heavy pro- 
jectile with line and explosive bomb attached. 
During the period of transition from the old 
methods to those of the new, the taking of 
whales was aided greatly by the use of a bomb 
gun fired from the shoulder after the harpoon 
had been thrown. While the catch of the 
old-time whaler was limited to the slower 
moving whales such as the sperm and the right 
whale, the improved equipment of today per- 
mits the capture of the great blue whale, the 
finback, the humpback, the sei whale and others 
too speedy for the open whaleboat. 


*Calif. Gray Whale Fishery. 
U.S. Fish Cruise. 1886. 
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The factory ship C. A. Larsen at work in the Ross Sea. 
Photo from Bryn, Sandefjord. 


moreover, species that sink after being killed, 
and have to be raised by steam power and in- 
flated for towing to the shore base. 


Modern Methods of Whaling.—The prepara- 
tion of oil and other whale products at well- 
equipped stations where whales are dragged 
bodily onto flensing platforms has long been 
in practice in the many regions north and south 
where whales are taken. More recently this 
method has been giving way to the use of float- 
ing factories, while shore stations are being 
abandoned as local supplies of whales become 
exhausted. Factory vessels are readily sent to 
favorable whaling regions, accompanied by 
their steam hunting boats. The oil obtained is 
stored on board until it can be transferred to 
other vessels or landed at favorable shipping 
points. While all products derived from whales, 
such as oil, fertilizer, bone meal and canned 
meat, are utilized at stations located on shore, 
the floating factory except in the case of a 
very large one, is as yet able to reduce the oil 
only, other products being rejected for lack 
of space required for their preparation on 
board. 

The floating factories as originally con- 
structed, cut up the whales brought alongside 


by hunting boats and hoisted all parts on board. 
The larger vessels now being built are provided 
with slips usually located at the stern above 
the propellers, through which all whales are 
pulled on board before being cut up. 


Some of the factory steamers already in use 
exceed 12,000 tons in size. A new vessel of 
more than 22,000 tons recently began opera- 
tions in the Ross Sea section of the Antarctic. 
This vessel, the Kosmos, is accompanied by 
seven steam hunting boats and an airplane. The 
Kosmos is reported to have two working decks, 
one for oil production and one for the prepara- 
tion of fertilizer. There is also equipment 


for the canning of whale meat. 


Floating factories are equipped for radio 
communication with their hunting boats. The 
larger ones can dispose of six or eight large 
blue whales a day, and more than twice as 
many of the smaller kinds. The larger blue 
whales may yield as much as seventy-five bar- 
rels of oil apiece, humpbacks and fin whales 
about half as much. The yield of oil depends 
upon the condition of the whale captured. 

The whaling industry of today is conducted 
with enormously expensive equipment, but 
yields accordingly greater profits. The value 


Wolk, Seaaciit, VO. Il 


of whale oil is, moreover, greater than ever 
before, being at present worth about $26 a 
barrel. The bulk of it is used in soap-making 
industries which are indeed competing in the 
purchase of it in large quantities. The sup- 
ply of oil is frequently negotiated for in ad- 
vance of the season’s catch. Whaling as now 
earried on is largely a Norwegian industry. 
The greater part of the catch is made in Ant- 
arctic waters, amounting to about 70 per cent 


of the catch in all parts of the world. 


Recent Whaling Activities—In an article 
entitled Modern Norwegian Whaling in the 
Antarctic* Mr. Gunnar Isachsen states that 
more than 20,000 whales have been killed an- 
nually in the Antarctic during recent years. 
In addition to the shore stations located at 
South Georgia and other Antarctic islands, 
there were during the season of 1928-1929, 
eight floating factories. ‘The catches made by 
the Sir James Ross and the C. A. Larsen, both 
of which arrived at New York in April, 1929, 
totaled 1,306 whales which yielded 126,000 


* Geog. Rev. July, 1929. 
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barrels of oil valued at more than $3,000,000. 
The oil cargoes of both vessels were sold to 
the Proctor and Gamble soap factories of Staten 
Island and Cincinnati. The Larsen is a steamer 
of 13,426 tons, and carries a crew of 208 men. 
She has seven hunting boats, one of which 
killed 195 whales during the two months’ sea- 
son. Both the Larsen and the Ross have re- 
turned to the Ross Sea. 

Dispatches from Norway, dated August 24, 
announced the most important preparations for 
Antarctic whaling on record. The fleet about 
to sail consisted of 190 steam hunting boats, 
thirty-seven factory steamers and seven trans- 
port steamers. Five of the last are to operate 
with twenty-seven of the factory ships in the 
Ross Sea, and twenty-five of the hunting boats 
go to the five shore whaling stations at South 
Georgia. According to Mr. Isachsen the Nor- 
wegians operated in the Antarctic last season, 
1928-1929, with twenty-four floating factories, 
eighty-five hunting boats and three shore sta- 
tions. 

A Factory Ship.—tIn October, 1929, I had 


the opportunity of observing whaling opera- 
(Continued on page 18) 


The factory ship Lansing, California Sea Products Company. 
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The Svend Foyn Gun, used by all twentieth century whalers, 
carries a line and an explosive bomb. 


Hunting boat with her catch. Photo by Capt. M. Swanson. 
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Hunting boat and seven whales. 


A factory ship and 


Whales are inflated by steam-driven air pump 
Photo from Bryn, Sandefjord. 


to prevent their sinking. 


one of her hunting boats dragging a whale up the ‘‘slip.” 
Photo from Bryn, Sandefjord. 
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A blue whale eighty feet long. Photo by Capt. M. Swanson. 


A whale “flagged” at sea while the boat continues hunting. 
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One of the hunting boats bringing in a small whale. 


A humpback whale showing at right its extremely Jong fin. 
Photo from Capt. M. Swanson. 
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Strips of blubber are cut loose by men in the boat, and hoisted to the flensing deck. 


Five inflated whales alongside the factory ship. 
Photo by Capt. M. Swanson. 


Vol. xxaxiit, No. 1 NEW 
tions as conducted at San Clemente Island, Cali- 
fornia. The floating factory Lansing, 7,000 
tons, was anchored in Pyramid Cove at the 
south end of the island. To this point her 
four hunting boats Hercules, Port Saunders, 
Hawk and Traveller brought several whales 
during my stay. The average length of these 
boats is 100 feet. 


taken were blue whale, finback and humpback. 


The species then being 


The whales arriving in the evening were se- 
cured alongside the factory ship until morn- 
ing, the hunting boats anchoring nearby until 
daylight. Occasionally a hunting boat was 
absent two days or longer on her cruise, but 
usually the whale brought in had been taken 
by a boat that had sailed in the morning. Hunt- 
ing boats occasionally, on account of rough 
weather or failure to find whales returned 
without making catches. 

The Lansing not having a slip through which 
whales could be dragged on board entire, cut 
up the catch alongside. The blubber was re- 
moved first, being cut free in large pieces by 
men in a small boat beside the whale. The 
head came next, then a long section of the tail, 
followed by the body in as large pieces as could 
be handled by the steam winches. All parts 
of the whale were thus hoisted to the flensing 
deck except the great mass of intestines which 
was towed seaward by a launch and set adrift 
to be disposed of by sharks. 
come in at night and tear whales alongside the 
factory ship. They also at times attack whales 
left afloat at sea temporarily by the hunting 
boats. Whales thus left are marked by flags 
while the boats continue hunting. 


Sometimes sharks 


As the heavy masses of blubber, flesh and 
bone are hoisted, they are pulled to suitable 
positions on the flensing deck by winches, and 
are promptly attacked by the deck gang of six- 
A parts) sare ecut sin 
pieces a foot or more square, and dropped into 
the open tops of eighteen large steel digesters 
located directly under the flensing deck. As 
these are filled, the lids are bolted down and 
steam turned on. In ten or twelve hours the oil 


teen or eighteen men. 


has flowed off to storage tanks, and the residue 
of scrap and bones thrown overboard. Skull and 
jawbones, being stripped of fat and flesh, are 
dragged under large steam-driven saws, cut 
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into pieces suitable for the digesters and are 
steam-boiled like the soft parts. The great 
masses of “whalebone” or baleen are detached 
from the upper jaws and thrown overboard. 
There is but little demand for “whalebone” at 
present, but at shore stations where it can be 
stored it is usually saved. At Japanese stations 
it is used for the manufacture of various fancy 
articles. Elsewhere it is used chiefly for mak- 


ing brushes. 


It usually took the deck crew of the Lansing, 
working with long-handled, broad-bladed knives, 
but half a day to dispose of a large whale and 
clear the deck for the next one. A motor- 
driven grindstone was constantly in operation 
for the sharpening of the axe-like knives by 


an expert. 


The record catch for the Lansing was twelve 
whales in one day. 


The operations for 1929 to date (October 13) 
were as follows: The Lansing left San Fran- 
cisco March 16 for Magdalena Bay, Lower 
California, where whaling was carried on from 
March 28 to May 19. The next base until 
June 15 was at Cerros Island, L. C. The Lan- 
sing then operated at San Quentin Bay, L. C. 
from June 17 to 20, after which the vessel went 
to San Clemente Island, California, for the re- 
mainder of the season, concluding about the 
end of November. 


The total catch of whales up to date of my 
departure on October 13 was 244, or thirty 
whales better than one a day. A factory steam- 
er of this size—7,000 tons—with four hunting 
boats, requires about a whale a day to make a 


reasonable profit. 


One of the hunting boats, the Hercules, had 
taken fifty-seven whales, thirty-six being blue 
whales. Of the total number brought to the 
factory ship, 145 were blue whales, eighty-one 
finbacks, nine humpbacks and nine sei whales. 
Among the blue whales there were ten per cent 
more females than males. The average length 
of the blue whales taken was sixty-eight feet, 
fin whales fifty-five feet, humpback forty, and 
sei whale thirty-eight feet. The total number 
of men employed on factory steamer and hunt- 
ing boats is 114. The Lansing had in her stor- 
age tanks on October 12, 11,700 barrels of oil, 
worth about $26 a barrel. 
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Lowering a strip of blubber on the flensing deck of the Lansing. 


Cutting up the blubber. 


The pieces in foreground are ready for the digesters, the open tops of which 
are at each side of deck. 
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Sawing jaw bones by steam power. The bones are boiled for the oil 


The head being lowered on deck. Observe “‘whalebone’’ on each side 


they contain. 


of upper jaws. 
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Finback whale (Balaenoptera physalus) 


Blue whale (Balaenoptera musculus) 


Sei whale (Balaenoptera borealis) 


Sperm whale (Physeter macrocephalus) 


The Hunting Boats ——AlII of the hunting boats 
attached to the Lansing are equipped with the 
Svend Foyn cannon, nearly four feet long, 
which fires a projectile weighing about 140 
The bore 


of the gun is three and a half inches and the 


pounds, exclusive of the heavy line. 


charge is fifteen ounces of black whaling pow- 
dier 


by the line-carrying projectile is exploded as 


The bronze bomb driven into the whale 


the line comes taut. Its charge is coarse black 
blasting powder. 

The hunting boats have a speed of about 
Like the factory 


ship, all but one are oil-burners. 


nine and one half knots. 


On October 11 while out with the hunting 
boat Saunders, ninety-four feet long, I ob- 
served the capture of the largest blue whale 


This 


taken during my stay with the whalers. 


NEW 
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California Gray whale (Rhachianectes glaucus) 


Humpback whale (Megaptera nodosa) 


North Atlantic Right whale (Hubalaena glacialis) 


was a female blue whale, eighty feet in length, 
shot at a distance of twenty fathoms (120 
feet). ‘The boat had been following a group of 
three whales, one a finback, for half an hour. 
The gunner did not get within shooting range 
until just after sunset. The whale was hit well 
forward near the fin, and its weak struggles 
lasted only a few minutes until it sank. The 
line being vertical, the gunner pronounced it 
dead, and the winch at once began heaving in. 


When brought to the surface, a tube was in- 
serted, and the air pump started. After being 
inflated the whale was laid alongside, and the 
tail made fast near the bow. ‘The Saunders 
was about thirty-five miles out, and did not 
reach the factory ship until nearly midnight. 
Whales, when not quickly killed, sometimes 
run for an hour or more, dragging the hunting 
boat at high speed. A fin whale shot by the 
Hercules took out 2,500 feet and then broke 
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Skull, with ‘‘whalebone”’ or baleen. 


the line. Gunners prefer to shoot at short 
range as the weight of the line greatly affects 
the trajectory. The whaling gun goes off with 
a cannon roar, and makes a cloud of smoke. 
One of the gunners told of killing a ninety-six 
foot blue whale off Barclay Sound, British 
Columbia in 1914, which measured twenty-one 
feet across the tail. He saw a blue whale killed 
off the coast of Chili in 1908, which measured 
105 feet in length. The blue whale is the largest 
of all animals living or extinct. The fin whales 
I saw during a hunt with the Hercules seemed 
to blow four or five times in as many minutes 
before sounding, and then did not reappear for 
about ten minutes. They did not appear to be 
alarmed by the hunting boat which followed 
them closely in getting within shooting range. 

Norwegian Whaling Investigations.—During 
the past decade much new information on 
whales and their distribution has been acquired, 
chiefly through the Norwegian Whalers Asso- 
ciation. Mr. Sigurd Risting, Secretary of the 
Association and Editor of the Norwegian Whal- 
ing Gazette, has tabulated and analyzed the 
mass of statistics gathered by Norwegian whal- 
ing companies.* Many thousands of blue and 
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The skull is upside down, lower jaws removed. 


fin whales have been measured at shore sta- 
tions and on factory ships operating chiefly in 
southern whaling fields. 

It is set forth that the average length of 
the 6,925 blue whales measured, was 24.16 
metres (about 79 feet) that for every 100 fe- 
males there are caught 115 males, that the largest 
blue whale recorded was 106 feet (33.27 metres ) 
in length, and that only five whales exceeding 
100 feet were recorded—all females. 

The average length of the 5,942 fin whales 
that were measured was 20.66 metres (about 
65 feet). For every 100 females there were 
caught 124 males. The largest fin whale caught 
was 87 feet (27.3 metres)—a female. In both 
species the female averages larger than the 
male, and both species are in general larger 
in southern than in northern seas. 

Yield of Oil from Various Species.—The 
largest amount of oil recorded by Mr. Risting, 
305 barrels, was from a blue whale taken in 
1924 at Walvis Bay, West Africa. The average 
yield of oil for southern seas in general is shown 
to be 84.5 barrels per blue whale unit. It is 


* Whales and Whale Foetuses by Sigurd Risting (Conseil 
Permanent International pour L’Exploration de la Mer. 
Vol. 50. 1927). 
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smaller in temperate and northern whaling re- 
gions and this also applies to other species. 

The yield of oil from other species of whales 
taken in southern seas is much smaller than 
that from the blue whale, being as follows: blue 
whale, 84-87 barrels, fin whale 42-43 barrels, 
humpback 33-34 barrels, sei whale 14-15 bar- 
rels. The humpback is probably an exception 
as when taken in tropical or temperate seas, its 
oil yield is nearly as important as when taken 
in colder water. This is also true of the sperm 
whale which properly inhabits temperate and 
warm regions and is seldom taken in cold seas. 
The relative values of different species in terms 
of average yield of oil per whale is: one blue 
whale = two fin whales = two and one-half 
humpbacks = six sei whales in the same whal- 
ing region. 

Unborn Young.—Accompanying the 
merous measurements of female whales are 
those of foetuses. The lengthy tabulations by 
season, locality and size, of both mother whale 
and foetus yield important information on the 
breeding habits and movements of several spe- 
cies. From blue whales in southern seas, young 
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have been taken ranging in size from one to 
twenty-seven feet in length. From female fin 
whales in the same waters, young have been 
found from one to twenty-one feet in length. 

The tabulations dealing also with the condi- 
tions of females taken in other seas and at vary- 
ing seasons, throw new light on whale migra- 
tion and the period of gestation. It is difficult 
to make a brief summary of the hundred and 
twenty-two quarto pages of Mr. Risting’s abun- 
dant and valuable statistics. More and more 
observations and measurements come with each 
season's whaling. The whaler’s Association is 
thus making important contributions to science. 

It already appears that the period of gesta- 
tion is about one year, that the various species 
have somewhat different mating seasons, that 
with certain species young are born in warmer 
regions and during the warmer months of the 
year. While whales usually have but one young, 
there are several records of twins taken from 
both blue and fin whales. 


Rate of Growth.—It appears that at birth 
the blue whale in southern seas has a length of 
about twenty-six feet and that it acquires a 


“Whalebone’ 


or baleen, showing arrangement of whalebone plates— 


formerly valuable, now little used. 
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Sperm whale with mouth open. 


length of about sixty feet during the first 
year while still nursing. The period required 
for the blue whale to reach the breeding age 
cannot as yet be determined with certainty, but 
as gestating females are not found under the 
length of sixty-five feet and but seldom under 
seventy feet, the indications are that mating 
occurs during the second year. The great mass 
of statistics supplied by the Whalers’ Asso- 
ciation indicates that both blue whales and fin 
whales have young only every other year. 
There seems to be only one case, that of a 
humpback, in which a pregnant female was ac- 
companied by a nursling. From studies of the 
statistics respecting all species of whales, it is 
evident that the rate of growth is much more 
rapid than was formerly supposed. 


Migration of Whales—The migratory move- 
ments of whales are connected with their breed- 
ing seasons, the young being born chiefly in 
temperate seas. 

Their northward and _ southward 
are in general coastwise, the sperm whale being 


passages 


the principal exception. During ten years of 
deep sea explorations by the U.S.S. Albatross 
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The only large whale with teeth. 
Photo from Bryn, Sandefjord. 


we saw few whales at great distances from 
land, as compared with the groups—sometimes 
large companies—seen within sight of land. 
There is no evidence that whalebone whales of 
either Arctic or Antarctic waters actually cross 
the tropics, although those of both regions make 
seasonal movements into temperate regions. 
The sperm whale, however, often wanders in 
summer into cold seas, but these are mostly 
males. Whalers operating from shore stations 
make their catches during certain seasons. 
British Whaling Investigations.—The phe- 
nomenal expansion of the whaling industry in 
Antarctic seas has naturally attracted the at- 
tention of the British Government. The Dis- 
covery with a scientific staff engaged in oceano- 
graphical and whaling investigations returned 
to England in 1927. Similar work by the Wil- 
liam Scoresby also with a scientific staff, was 
carried on in 1928 and 1929. The Marine Bio- 
logical Station in South Georgia was reopened 
in 1928 and continued to the end of April, 
1929. Hundreds of whales were examined as 
to parasites, stomach contents, breeding condi- 
tion, etc. The studies included five different 
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Whale being dragged on board, view from inside the “‘slip.” 
Photo from Bryn, Sandefjord. 


species of whales, and reports are in prepara- 
tion. More than a hundred whales have already 
been marked with a light dart shot into the 
skin, which will, on the capture of whales so 
marked, throw light on their development and 
movements. Whaling investigations are also 
being made by observers accompanying certain 
floating factories. 

Whaling operations conducted at South 
Georgia, South Orkney, South Sandwich, and 
South Shetland, which are dependencies of the 
Falklands, are all subject to restrictions and 
taxes imposed by the British Government. This 
is also true of whaling operations about New 
Zealand, South Africa and other British terri- 
tories. 

Shore Stations.—Whaling is still carried on 
from land stations in many parts of the world. 

We have recently acquired a great mass of 
statistical matter relative to both ships and 
shore stations now engaged in whaling. I am 
not yet prepared to present it in tabular form, 
owing to the lack of returns from several re- 
gions. Numerous shore stations have been aban- 
doned within the past three years, while float- 


ing factories and steam hunting boats have 
greatly increased in numbers. While whaling 
operations in Antarctic seas are increasing 
rapidly, activities in the North have fallen off. 

Our information on whaling is derived almost 
entirely from foreign sources, as the United 

States, once leader in the industry, no longer 
participates, except to a limited extent in Cali- 
fornia and Alaska. 

-An instructive compilation by Sir Sidney 
Harmer, chiefly from Norwegian and British 
data, will serve the purpose of the present ar- 
ticle. It shows the extent and distribution of 
the whaling industry in 1925-26. (See page 24.) 

Whale Conservation——The Whaling Com- 
mittee of the International Council for the Ex- 
ploration of the Sea which recently met in 
London, considered the subject of whale con- 
servation. The general feeling of the Commit- 
tee was that, although it is not at present pos- 
sible to put forward recommendations which 
ean be said to have a strictly scientific foun- 
dation, nevertheless it “feels strongly that the 
enormous expansion of the whaling industry 
in recent years constitutes a real menace to the 
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Whaling data for these regions, including also British Columbia, 
(From Norwegian Whaling Gazette, April, 1929.) 
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No. No. Whale and Guano Bone 
District Plants Whales Sperm Oil Tankage, Meal, 
Operated Taken Gallons Tons Tons 
Pa RSs f tee AR oth a eae ae, SR beta 2 402 8244.00 849 AGT 
SHS ay (COMMIT 6 55566506000 2 305 622,050 732 376 
GalifOnini ae mer tes Wea flrs ee zal 304: 630,000 
5 1,011 2,076,450 1,581 833 
* Floating factory Lansing. 
Pacitric Coast Wuatine Propucts, 1918-1928. 
No. No. Whale & Guano Bone 
Year Stations Whales Sperm Oil, Tankage, Meal, Baleen, 
Operated Taken Gallons Tons Tons Tons 
1918 8 1,137 1,892,550 2,350 9,250 
1919 8 1,436 2,648,204 3,450 14,000 oe 
1920 10 1,763 2,722,971 3,475 1,015 59 
1921 i 129 209,392 219 129 ae 
1922 7 1,356 2,392,250 3,075 1,057 7 
1923 8 1,363 2,260,200 2,944: 1,147 30 
1924 ef 1,102 1,934,450 2,428 826 5 
1925 7 989 1,802,500 2,211 O47 as 
1926 6 988 1,705,186 1,906 906 19 
1927 ii (1,360 2,151,950 1,472 911 32 
1928 5 1,011 2,076,450 1,581 853 
Total 12,634 21,796,103 Zo, VL 30,741 142 


Note:—Above tables include production of companies operating from the United States and Canadian 
ports on the Pacific. All figures prior to 1927 represent products from shore stations. 


Worwp-Propucrion, 1925-26 (SourHERN SEAS) AND 1926. 


Locality Barrels Number 
A. AnvrarctTic AREA, of Oil of Whales 
1. South Shetlands. 
ING eereN (COMOMMES 5565656548 nnoo ease on 208,890 | 4,746 
@thery Com pamilesame geey ee gs.pes ed ee neon 85,450 { 
2. South Georgia. 
Norwest Comppoamves s 2.66202 dceacs cmon 188,491 ) 
Others Compannioars st Mere ents eee aa near 212,656 § 7,819 
Shy POON TK ON SES, GUS URSA 0 na nina aaaly Cena oi 27,050 623 
dh INOSS Seer (Sor dh Ce IORD so 65 bo ood dios Gree oe 39,630 566 est. 
i. SOU, Ser, ATOM OWYID) o° o a's a clon 0 hole me ioe kun ole 17,000 243 est. 
B. AFRICA. 
Re@ape. Colonie gers. pe wetter hart Ren aera 60,892 2,238 
2 eNotes Oe Slat tpn tot Sak HR UR kaos 46,084 1,238 
SNR CON IDEN Bae no ato mio ase op oe odin ote 13,200 375 
Apes’ Pen Clie GONG On Pane as ere CSA eee nate eee 12,294 402 
5, Ouse Auman l@CHihES o.o4s4s a0bbhsckbuuows ca. 6,000 286 est. 
C. AUSTRALIA AND NEW ZEALAND. 
PAGUUSIUICETIDIGE Mo bet net ous i Ra eM Oe co robin AA neste aA, 22,000 550 est. 
New callin Cla ie moe ee te fe. Meee renee eee tmte. Bee No record 
D. Sourm Pactric. 
ec tne a ee ce in ee a ae ees Bete ee OR Ne eae 15,250 429 
Pea CVE Mee eee Rt Cae ee Ue eee te eee et ees 19,500 542 est. 
ec eL CULE CO iitmas Rate Pee 8 cath Oe oe eee ae ee ee eee ee §,000 Bel 


Barrels of 
Oil, Average 
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eee iexi com Miex Com COW mee ac we rnc e tae Oe a 14,326 422 
Wie ay aC On ee er ee eee 14,861 394 
WR YOUNG LEVIED RE RIAU Sarertty.s bectenty Ooty oo Rule Ut OeG mo ed, TO 4,860 136 
Se British) Colimbiae ge eee eee ra eck eer 12,900 269 
Ae HUES echl Cepia Gree areal owen ia 8 Oe ORM he tie apa 2 20,200 803 
SATCHEL ftwch oe Nige) UR ee ay eee cit i pete ces es 11,586 283 
(leona uel INOW oboe ononsosvaccdedoeees toe 25,000 1,281 
F. NortH ATLANTIC. 
TEM BAU SOKO tery Nis Me BUGS tries okaesn- cscabie thee Clone 4 oo 2,500 72 
Die Neve hOUWnG ali Gs Dauner a ee ee eee ee oes 11,600 290 est. 
3, Grog COMenloiomn sosdo oss ooo ctucdassscst ou ] § 625 ) 
Syoeuvey (GaN yo cn ars oaoe oo gn esas Ht oo j 26,938 1 300 § 
sjoahbay SOC, IN Sjo, (OCONEE syocadccus sod soson8 10,500 350 est. 
Al IETOMMNUMME don base gb odeo Soon) Maodomnan Poanon 7,000 278 
Ge Shania aPC nam Ee i ose 3. whOn Oberle Ons Gem ates 5,500 212 est. 
Bintishs eShetlan dl ly.ekae ae eee ee eee 6,879 269 
Oh ibeverore lisas INO meen (Oli bneo ot goo eno aeons 1,282 42 
HACEO Ee? OATS HO Of eve eee sit a aa eee aaa 3,512 129 
7. Norway, W. Coast 
NONE ee TBINVUUNOS oo co gos eto geoeegod oo6 4,671 206 
Aikeraebivall (One iar.at ee menr ate cee 4.295 185 
JeMOLEles ARKO NORNSEMN Bo ogucesoagagecsobcdas oy 1,950 89 
Winee, (Blomvadeo sober sry ce Paes ees 2,144 94, 
chy oO OURS TOMER pubes peda Go oeto crontty on ho pw abot ca 1,000 25 est. 
1,181,891 26,962 
Smeonetlandseeon GeOlelanva.). cate .asee ioe eee ar rrew | 
Se OTM G62»: We ence ena est terse a ee eee eee: Lea. | 779,167 13,997 
OSSPe Se Ae SOUL s HO Coie ee at ae eos ee ee eee eee eer es [ 
CL GNCING Vn ENSe RAR VIN. Jhon. Pateans Ba) Beto icey Seer tee | 
MITE sO ter lo. Calitiesy 5 wate ey te De eer ene Peer ene. sy aL weer, 402,724 12,965 
PSI SO1 26,962 
NOIR Cnaeha COwnegiuey ss esos Seen be cnoc Fes suqhoaos 655,608 
OthermMCom panies. yeas eee ee eee are. 526,283 
1,181,891 
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The numbers and kinds of whales taken in the Antarctic from 1910 to 1927 have been pre- 
sented in the following table, also compiled by Harmer chiefly from Norwegian and British 


sources: 


South Georgia 


1909-10 
1910-11 
1911-12 
1912-13 
1913-14 
1914-15 
1915-16 
1916-17 
1917-18 
1923-24 
1924-25 
1925-26 
1926-27 


Right 
Whale 


Toran CatcHes, ANTARCTIC AND SoutH AFRICA 


Sperm 
Whale 


Blue 
Whale 


26 
85 
298 
317 
940 
2,313 
3,026 
2,440 
1,871 
1,926 
3,514 
1,845 
3,670 


Fin 
Whale 


58 
168 
516 

2,157 

1,716 

1,940 

2,744. 

1,606 

1,144 

1,375 

2,017 

5,713 

1,147 


Hump- 
back 


3,391 
6,197 
5,635 
2,360 
512 
823 
1,578 
378 
60 
ey 
262 
237 


Sei 
Whale 


Bryde’s 
Whale 


Bottle- 
nose 


(1) 


Total 


3,516 
6,529 
6,535 
4,850 
3,349 
5,097 
7,361 
AAT 1 
3,196 
3,673 
5,818 
7,819 
5,204 
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South Shetlands 


South Orkneys 


1911-12 
1912-13 
1913-14: 
1914-15 
1915-16 
1916-17 
1917-18 
1923-24 
1924-25 
1925-26 
1926-27 


1923-24 
1924-25 
1925-26 
1926-27 


Cape Colony 


Year 
1910 
LO 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 


1923 
1924: 
1925 


410 


256 
511 
466 
408 


2,169 


1,727 
2,300 
2,092 
1,679 
2,358 

602 

627 
1,559 
1,948 
2,390 
3,442 


82 
314 
573 
301 


4.60 
570 
694 


331 
353 
254 
336 
287 


47,580 


2,174 
976 
DiGi 
656 
219 

21 
al 
Wie) 
100 
165 
94: 
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3 


128 
367 


Iu 
51 
12 


— e 


13 


Vast 


4,813 
5,044 
5,259 
4,133 
4,431 
2,003 
1,114 
3,061.3 
3,732 
4.746 
4,838 


295 
507 
623 
589 


1,312 
1,546 
1,579 


783 
1,023 
1,284 
1,238 
1,089 


122,463 


The following table, incomplete as to numbers of whales, shows the important part taken by 
Norway in the whaling industry: 


Right 
Whale 


Hm OF DD DO CO eH eH wb 


Finback 


208 
975 
743 
839 
1,040 
817 
739 
45 
697 
522 
320 


7,645 


WuHaLeE FIsHERY IN JAPAN.* 


Sei 


48 
375 
236 
361 
239 
723 
4.19 
581 
739 
532 
221 


AAT A 


Hump- 
back 


8 
59 
68 
138 
160 
105 

93 


The most recent information at hand on Japanese 
whales taken was 1,588. 


*K. Togo, Whales in Japanese Waters. 


Blue 


38 
243 
236 

58 
123 

57 

75 

75 

24: 

53 

28 


1,C1O 


Sperm 

67 
163 
107 

V7 
304 
252 
391 
195 
588 
461 
127 


2,782 


Gray 


oil 
123 
193 
131 
155 
139 
78 
66 
104 
46 
25 


1,051 


17,862 


whaling relates to the year 1925 when the number of 
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Pulling the whale on board. 
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The larger factory ships have “‘slips’? for this purpose. 
Photo from Bryn, Sandefjord. 
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DEVELOPMENT OF NORWEGIAN WHALING 


From 1906 to 1928* 


No. of Hunting Shore Floating No. of 

Year Companies Boats. Stations Factories Whales 
1906 21 52 14, 7 1,778 
1907 22 55 14 9 2,324 
1908 23 62 15 9 2,569 
1909 27 72 19 9 5,318 
1910 ol 83 22 14. 6,927 
1911 43 106 26 27 13,800 
1912 60 161 34 39 14,500 
1913 54 160 30 36 18,000 
1914 50 149 23 36 14,800 
1915 29 94, 11653 20 10,000 
1916 18 iss7f 11 10 8,230 
1917 8 29 4, 5) 4,400 
1918 8 4A, 8 5 3,300 
1919 8 42 8 5 3,478 
1920 17 5A 15 5 4,582 
1921 11 39 6 @ 6,427 
1922 15 50 9 9 6,321 
1923 21 73 13 12 8,550 
1924, 22 84 13 14, 7,450 
1925 26 103 15 107 
1926 29 107 16 18 
1927 28 116 15 18 
1928 21 89 10 15 

CLOVIS 3 8 35 oe 142,754 


Barrels Value Value 

of Oil (Kroner) Dollars 
51,400 3,075,000 $768,750.00 
65,250 4,400,000 1,100,000.00 
69,000 3,000,000 875,000.00 
128,700 5,925,000 1,481,250.00 
183,900 11,950,000 2,937 ,500.00 
344,000 22,000,000 5,500,000.00 
479,000 4,600,000 1,150,000.00 
600,000 36,000,000 9,000,000.00 
575,000 36,000,000 9,000,000.00 
475,000 32,000,000 8,000,000.00 
367,000 32,000,000 8,000,000.00 
231,000 31,000,000 7,750,000.00 
147,000 28,000,000 7,000,000.00 
163,750 33,000,000 8,250,000.00 
212,000 60,000,000 15,000,000.00 
281,400 36,000,000 9,000,000.00 
338,000 45,000,000 11,250,000.00 
440,000 63,000,000 15,750,000.00 
382,300 65,000,000 16,250,000.00 
581,000 90,000,000 22,500,000.00 
655,608 75,000,000 18,750,000.00 
704,000 60,000,000 15,000,000.00 
845,884 68,000,000 17,000,000.00 
8,320,192 845,450,000 211,3862,500.00 


* Norwegian Whaling Gazette, March, 1929. 
+ Present value of Kroner, 25 cents. 


maintenance of the stocks of whales, and that 
if the expansion continues at the present rate 
there is a real risk of those stocks being so re- 
duced as to cause serious detriment to the in- 
dustry.” The report admits that until scientific 
researches have reached a definite conclusion, 
it is impossible to devise permanent measures of 
protection, but the Committee thinks that the 
governments of the countries interested should, . 
as a matter of urgency, seriously consider tak- 
ing immediate temporary measures to deal with 
the menace. Among the measures suggested is 
the prohibition of killing certain species of 
whales, principally right whales, the protec- 
tion of cows with calves, immature whales, and 
the prohibition or restriction of the capture of 
whales in certain regions, notably in the tropics. 


Under a new act by the Norwegian parlia- 
ment* all Norwegian whalers are forbidden to 
kill the right whale, and all whale cows with 
calves. The practice of paying whaling crews 
according to the number of whales taken must 
be discontinued, and all parts of the animal 
containing oil must be utilized. Penalties are 
provided and the King is empowered to forbid 
whaling in tropical waters. 


* Law of June 21, 1929, 


Some form of protection for females accom- 
panied by young should, of course, be afforded. 
The cessation of whaling in waters where the 
young are born is desirable. 

The pelagic sealing industry which reduced 
the great fur seal herds to a paltry hundred 
and fifty thousand, was destined to break down 
as it did, because it was based chiefly on the 
killing of female seals. These were taken large- 
ly in the Bering Sea, adjacent to the Pribilof 
and Commander Islands. It involved not merely 
the loss of mother seals feeding at sea, but the 
loss by starvation of equal numbers of nursing 
young on the islands. It was a part of the 
writer’s duty to enumerate these losses on the 
Pribilofs during the early nineties. 

In discussing with Norwegian and Califor- 
nian whalers the increasing drain upon the 
stocks of whales, I found but one opinion ex- 
pressed: The cost of operating factory steamers 
and their numerous hunting boats, is so great 
that when the supply of whales falls below the 
number required daily for profitable operations, 
they would be forced out of business until 
whales again become abundant. 

It should be borne in mind, however, that the 
various species do not exist in equal numbers. 
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A ship that swallows whales. The slip in the bow of the floating factory C. A. Larsen, 
whales are drawn on board. All the larger whaling steamers handle whales in this 
Courtesy The Illustrated London News 
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Care should be taken that the rarer whales 
are not unduly reduced in numbers. Natural- 
ists attribute the extinction of certain birds 
and mammals to over exploitation, which 
brought them to a point where their natural 
enemies, internal and external, overcame their 
powers of increase. This has happened fre- 
quently with animals of restricted distribution. 
Steller’s sea cow and the great Pallas cor- 
morant are notable cases in point. Both were 
restricted to the Commander Islands, and were 
used for food. 


Whales have a widely distributed enemy in 
the killer (Orca) which hunts in packs.* The 
killer, twenty-five or thirty feet in length, is 
active and savage, attacking whales, porpoises 
and seals. R. C. Andrews observed that a large 
proportion of the whales taken at Japanese 
shore whaling stations had been mutilated by 
killers. 


Acknowledgments——The writer is indebted 
to many persons engaged in the modern whal- 
ing industry for information on this subject. 
Among these are Mr. Gunnar Isachsen of Ask- 
er, Norway; Mr. T. H. Poulsson of Tonsberg, 
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Norway; Captain F. K. Diedrick, General 
Manager of the California Sea Products Com- 
pany of San Francisco; and Captain C. Swan- 
son of the factory steamer Lansing. To Mr. 
Charles R. Patterson of New York, artist, navi- 
gator and observer of whaling operations in 
British Columbia, he is indebted for permission 
to reproduce his painting of the killer whale. 
The writer has made free use of the Norwegian 
Whaling Gazette, and a copy of Whales and 
Whale Foetuses supplied by Mr. Sigurd Rist- 
ing of Sandefjord, Norway. Mr. Bryn, pho- 
tographer, of Sandefjord, Norway, has sup- 
plied certain photographs illustrative of modern 
whaling methods. It would have been difficult 
to reach the factory ship Lansing, had not the 
officers of the California State Fisheries Labo- 
ratory at Terminal Island kindly furnished 
transportation to San Clemente Island on the 
Fisheries patrol boat Albacore. Dr. T. S. 
Palmer of Washington has supplied the table 
showing the catch of whales in Japanese waters 
from 1910 to 1920. Grateful acknowledgment 
is made to Dr. H. M. Wegeforth of San Diego, 
for the opportunity of visiting the herd of Ele- 
phant seals at Guadalupe Island. 
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The Northern Klephant Seal Herd 
in-1929 
Cuar_es Haskins TowNsENpD 


T is gratifying to be able to report that this 

species—largest of all seals, and now found 

only on Guadalupe Island, Lower California, is 
increasing in numbers. 

A careful count made at Guadalupe Island on 
September 27, 1929, showed that there were on 
the beach 469 of these animals. These were 
seals of varying sizes from young of the year 
to adult males and females. An inspection of 
the different groups showed that they were 
composed chiefly of immature animals. The 
relative scarcity of seals of adult size was prob- 
ably due to the fact that the breeding season, 
beginning about March first, was long past. 
The young of the year had already lost the 
black color of the nursing pup. 

The Guadalupe herd of elephant seals when 
visited by the writer in March, 1911,+ consisted 
* See frontispiece. 


+ The Northern Elephant Seal. 
April 15, 1911. 


C. H. Townsend. Zoologica. 


of about 150 animals, as based on counts of 
adults and young present, and estimates of in- 
termediate sizes assumed to be absent from 
the rookery. Since 1911 the seals of Guadalupe 
Island have been protected by the Mexican 
government. 


It is possible that the number of animals 
present on September 27, 1929, represents but 
half of the herd belonging there. It is certain 
that the number of breeding adults was far 
short of those seen there in March, 1911. There 
was no evidence that the herd had been dis- 
turbed, as the seals were as little concerned 
about our presence among them as during our — 
visit eighteen years before, when they were al- 
together fearless. 


During the past year a few large elephant 
seals have been observed at sea as far north as 
the latitude of San Diego, California, where 
one was killed by fishermen in September, 
1929. This seal, a large male, is now in the 
Museum of Natural History at San Diego. An 


examination of its stomach contents showed 
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Elephant seals, Guadalupe Island. 


that it had been feeding on fishes, one of which 
was a skate. 

The expedition of 1929 was suggested by 
Dr. H. M. Wegeforth, President of the San 
Diego Zoological Society. Through the co- 
operation of Commander G. H. Bowdey, 
Ups Ns ot the Eleventh Naval) District, va 
Naval Reserve cruiser detailed for the 
voyage. 

The party consisted of naval officers and 
several naturalists, including the writer. By 
permission of the Mexican Government, four 
large male elephant seals were captured 
without injury, and taken to the San Diego 


Zoological Gardens. 


was 
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Guadalupe Fur Seal in 1929 


CHARLES Haskins TowNsEND 


NE of the objects of the party which I 

accompanied to Guadalupe Island was a 
search for the fur seal (Arctocephalus town- 
sendi) formerly abundant in the Lower Cali- 
fornia region. In May, 1928, two large males 
of this species were captured at Guadalupe and 
placed in the Zoological Garden at San Diego, 
where they died some months later. 


Young animals of various ages. 


A number of fur seals had been observed at 
the island in May, 1929. Our party found none 
in September, a date certainly well past the 
breeding season. Reports have been received 
from fishermen that fur seals were observed in 
the vicinity of the Santa Barbara Islands, Cali- 
fornia, during the summer. The fur seals sup- 
posed to be breeding at Guadalupe Island, may 
have moved northward temporarily. 

Another search will be made at Guadalupe 
next May, with a view to securing information 
respecting the reappearance of this seal. One 
of the males taken from Guadalupe to the San 
Diego Zoological Gardens is now in the pos- 
session of the writer, who has prepared for 
early publication a detailed description of its 
skin and skeleton. The two males referred to 
above, are as yet the only museum specimens 
known to naturalists. The original description 
was based on a weather-worn skull. 

The other male, when mounted, will be pre- 
sented by the San Diego Zoological Society to 
the National Museum in the City of Mexico. 
The Mexican Government has granted to that 
Society, permission to capture two more of these 
seals, should a herd be found at Guadalupe 
Island. 
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The Bermuda Oceanographic Expedition 


Twelfth Expedition of the Department of Tropical Research 
of the New York Zoological Society 


WivuiAM Besse, Director 


Photographs by Robert Whitelaw. 


PREFACE 


Henry Farirrirtp Osporn, 


Honorary President, New York Zoological Society. 


To William Beebe’s splendid report I preface the following: I visited Non- 
such Island during the month of April, 1929, in order to see for myself the 
actual work of this Oceanographic Station, the opportunities afforded by this 
special pot on the Atlantic, the personnel of the laboratory, the equipment, 
and especially the splendid quarters provided through the liberality of the Gov- 
ernment of the Bermuda Islands. I was immediately convinced of the rare com- 
bination of supreme opportunity for oceanographic research and of unsur- 
passed facilities. On my return to New York I immediately wrote to two of our 
trustees, Messrs. Mortemer Schiff and Harrison Williams strongly recommend- 
ing the work of the Station and endorsmg their generous contributions. 
Through these and other donations Director Beebe and his staff were enabled 
to continue work through seven months of the season of 1929. Furthermore 
they are assured by the Bermuda Government that the same priceless oppor- 
tunities will be offered another year. Toward this really great oceanographic 
work, unsurpassed of its kind in intensity and promise, all the members of the 
Zoological Society are invited to give their endorsement and to back the ex- 
pedition for the coming season of 1930. 

The icy-cold depths of the ocean off Bermuda are quite as wonderful um 
the richness of present life as the super-heated arid plams of the Gobi Desert 
are in the past life of the world. We may well be proud of the determination 
of two American leaders of modern exploration: William Beebe in the icy ocean 
depths; Roy Chapman Andrews in the torrid deserts. 


[35] 
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Drawing by John Tee-Van. 


shore. 


Map of Bermuda showing the island of Nonsuch and the location of the daily, deep-sea trawls made 
five miles off 
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Bermuda Oceanographic Expedition 


The Twelfth Expedition of the Department of Tropical Research 


T is seldom wise to prophesy anything of a 
scientific expedition, but if the projected 
schedule of this Bermuda trip which I ventured 
to outline in a Zoological Society Bulletin a year 
ago were changed from future to past tense it 
would now be justified as fact. 


Four years back, from the bridge of the Arc- 
turus, I saw the patch of floating mist which is 
Bermuda eight miles away. At this period, 
nearing the end of our six months cruise, I was 
vividly aware of the great cost of oceanographic 
expeditions and of the surpassing generosity of 
Harrison Williams which had made possible the 
Arcturus adventure. No wonder the abysmal 
deeps of ocean keep their secrets so closely when 
the cost of every fish brought up suggests weigh- 
ing scales marked, not in ounces but carats! It 
was about that time that the thought of a shore- 


laboratory and a sea-going tug first occurred to © 


me. 


The primary link in this scheme was carried 
out at once and I made four Arcturus Stations 
near Bermuda, one within ten miles of the shore. 
The series of nets which we sent down to a mile 
depth brought up an abundant harvest of 
strange creatures. This made me certain that 
close to Bermuda there was an unfailing supply 
of deep-sea life available for study. 


Two years ago in New York harbor, through 
the generosity of Major Vivian Drake, I was 
able to prove the second proposition, by making 
successful hauls a mile deep with my small Arc- 
turus winch and wire on the deck of a tug.’ 


a three-mile radius of my schooner.® 


Finally during a recent visit to Bermuda, 
when on a picnic on one of the outer islands 
with His Excellency the Governor Sir Louis 
Bols and the Honorable F. G. Gosling, I was 
offered the use of the island if I would return 
and carry on scientific work. This generous 
offer was ratified by Parliament and in the name 
of the Zoological Society I accepted, and my 
hopes on the bridge of the Arcturus crystallized 
into possibility. At the annual meeting of the 
board of managers of the Zoological Society Mr. 
Mortimer Schiff and later Mr. Harrison Wil- 
liams guaranteed the financing of the idea, and 
the Twelfth Expedition of the Department of 
Tropical Research became a certainty. 

On past expeditions I have successfully car- 
ried out certain definite aims in regard to par- 
ticular zones of life. In the jungles of British 
Guiana I concentrated on the host of tiny or- 
ganisms living in a square yard of tropical for- 
est floor;? the bird-life of a solitary tree;* the 
census of a single walk;* and the fauna of a 
quarter of a square mile of jungle;°’ on the 
Noma and the Arcturus I had been able to study 
in detail and at leisure the life of a single group 
of islands,” and the amazing mass of living 
beings in a current rip in mid-ocean.’ In Haiti 
I worked for half a year on the shore fish within 
Now, at 


1Zoological Society Bulletin, Vol. XXXII, No. 2, p. 69. 
*Jungle Peace, p. 2389. 

3 Jungle Days, p. 137. 

4Zool. Soc. Bull., Vol. XXIV, No. 6, p. 139. 
5Zoologica, Vol. VI, No. 1. 

®6Galapagos: World’s End. 

™The Arcturus Adventure, p. 41. 

8’ Zoologica, Vol. X, No. 1. 
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Looking West toward Castle Island and the Mid-Ocean Club from Nonsuch. 
7 Young Tropicbird in its rocky nest. 
A wave-worn arch of aeolian sandstone and a Tropicbird’s nest. 
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Nonsuch Laboratories from the east, looking across Castle Roads toward 
Tuckerstown. 


last, I could do what for years had been my 
greatest desire, to draw hundreds of nets, day 
after day, for months, through a circumscribed 
area of deep sea. 


The Arcturus Expedition had been a signal 
success but in general I had slavishly followed 
the methods and routine of all my oceanographic 
predecessors, namely to let down a series of 
nets, draw them slowly through the water for a 
few hours, pull them up, then steam several 
hundred miles away and repeat the process. 
The plotted routes of most large expeditions 
since the time of the Challenger, look exactly 
alike—a string of station beads strung across 
the ocean. Such pioneer work is necessary and 
the results are of lasting value for definite 
knowledge is gained as to new species, vertical 
distribution, etc. But the hauls are isolated, 
unrelated, independent; there is no intimate cor- 
relation between them. On this Bermuda Expe- 
dition I intended to accomplish in the deep sea 
what I had in a quarter of a square mile of 
jungle, to correlate my hauls, to make every 
individual fish mean something besides the mere 
fact of its name and capture. 


When once more I was fortunate enough to 
win the favor of the god of Expeditions—Roon, 
doubtless, the god of Going—all details fell 
If I had had the choice 
of any of the 365 islands which make up Ber- 
muda, I would still have chosen Nonsuch, the 
very one which had been turned over to me, the 
chief reason for this being that a mile depth of 
ocean was closer to shore at this point than any- 


smoothly into place. 


where else. 


The cost of this whole year’s work compared 
with that of the ordinary oceanographic expe- 
dition was small out of all proportion to the 
splendid hauls we made every day. If we con- 
sider all the deep-sea fish collected, (a large 
percentage new to science, all weird, and all 
impossible of capture without complete oceano- 
graphic equipment) we find that their total cost, 
based on that of the whole expedition, was less 
than half a cent each. 


Soon after we had taken possession, I realized 
what a remarkable opportunity this was and how 
precious was its realization to the full. There 
was impressed upon me, too, the magnitude of 
trying to complete even a superficial study of 
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The Zoological Society’s tug Gladisfen passing out to sea for a day’s trawling. 
The Arcturus winch can be seen on the aft deck. 


the shore and of the deep-sea fish of this area 
in a single season. Almost simultaneously, the 
island was offered me for another year and 
tentatively I accepted. So instead of pushing 
ourselves to the extreme physical and mental 
limit, I laid out a more deliberate, philosophic 
campaign, with the hope of two seasons’ re- 
search in this ideal environment with its super- 


lative opportunities. 


Many Bermudians agree with me that Non- 
such is the most beautiful of all their compact, 
little archipelago-islands. It consists of twenty- 
five acres, rising steeply up sixty to seventy 
feet of jagged cliffs on the north, and sloping 
gently southward,—its core of aeolian sandstone 
covered with sturdy, wind-blown cedars and 


“= ayomatic sagebush. During the year it is suc- 


cessively pink with oleanders, rose-red with 
hibiscus and brilliant with goldenrod. Every 
morning there arises above the pounding of the 
surf, a chorus of the soft murmurs of bluebirds, 
the loud Q! Q! of cardinals, and the sweet 
warbling of white-eyed vireos; catbirds call, 
ground doves murmur to one another, and long- 


tailed tropic birds wheel in dozens about their 
nests in the sandstone caves. 


At night we have in the distance the steady 
gleam of St. David’s light, until, through the 
dark foliage of the cedars the sun rises over the 
white sand of two beaches. To the north there 
stretches the three mile circle of Castle Harbor, 
a mosaic of emerald shallows and lavender coral 
reefs, while on its farther shore we can just see 
the quaint, medieval town of St. Georges. 
Swinging around to the west we have a striking 
contrast of the new and the old—the Mid- 
ocean Clubhouse in the distance, while close at 
hand three old British Forts, built about 1600, 
cut the horizon with ruins as picturesque as any 
in the Old World. These once guarded Castle 
Roads which is still our route to the sea. Due 
south we have the open ocean forever hurling 
foam over Gurnet’s Head, the force of its waste 
of waters backed by the prevailing winds, the 


shifting tides and the steady push of the Gulf 
Stream. 


On the summit of the island are the two large 
buildings, which together with a cluster of 
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Deep-sea pressure gauge invented and presented by Mr. L. R. Smith. Upper: 

Showing method of lowering the gauge on the end of the cable. Lower: Photo- 

graph of the dial on the instant of opening, showing the pressure of 1600 pounds 
recorded at a depth of more than half a mile. 
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A’ Study in Fish Mouths. A rare soldier-fish (Plectrypops), Trigger-fish (Monacan- 
thus), Rock-fish (Mycteroperca), and Silver Hatchet-fish (Argyropelecus). 
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Zeppelin Swimming Snails—Pteropods. «. Cuvierina columnella. 
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Transparent larva, called Phyllosoma, of the Spiny Lobster, Panulirus: thin as 
tissue paper, transparent as_ glass. 
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Wreck of the Sea-fern, which was raised in St. George’s Harbor, 
across the bay and resunk at Nonsuch wharf for a breakwater. 


transported 
This done by 


kindness of the Bermuda Legislature and Mr. Meyer. 


smaller ones have been given to us by the British 
Government for use as laboratory and home. 
They are gleaming white, part and parcel of 
the island sandstone quarried near by; their 
ceilings are high, the plumbing and the kitchens 
in order, the large rooms cool and pleasant. It 
might all have been built to order for our pur- 
poses. 


For the laboratory proper we had only to 
enclose two large porches with celloglass and 
window frames. I chose those facing north, 
both for better light and to be on the opposite 
side from the utterly lovely southern outlook. It 
would have required constant effort to cease 
looking out at the ever-changing beauty of ocean 


and shore, sky and cedar-clad slopes. 


One small outbuilding houses our electric 
plant, the same motor which did such veoman 
service on our schooner in Haiti. Here it is re- 
incarnated and for seven months never coughs 
or hesitates, but provides a steady current for 
sixty-odd electric light bulbs, oxygen pumps for 


the aquarium and a frigidaire. Major Drake 


and Mr. Browne purchased and erected for us 
a gasoline pump, which lifts three hundred gal- 
lons of sea water an hour from sea-level at our 
wharf to the summit of Nonsuch, supplying all 
the aquariums. 

The two largest rooms are used as dormi- 
tories, although some of the members of the staff 
choose to live in tents which they erect on va- 
rious picturesque parts of the island. Our Arc- 
turus glass-bottomed boat is still useful and we 
have two additional boats with outboard motors. 
Our fleet is completed by a thirty-five foot 
launch for daily communication with St. Georges 
and the outer world. 

The landing place is «t mid-island on the 
north side, and at first was most precarious, a 
storm of unusual strength having power to iso- 
late us for several days and to necessitate the 
raising of all our boats on davits or hauling 
them up on the beach. A casual wish of mine 
was translated by a Bermuda friend into an 
official request, and within two weeks the Ber- 
muda Parliament voted to raise a large sunken 


46 Bw Aes Lh Heel N 


March-April, 1930 


William Beebe attaching the Explorers Club flag to a large net, just before it 
descended to a mile and a half. 


steamer in St. George’s Harbor, tow her to Non- 
such and resink her close and at right angles to 
our wharf. This was done and by the superla- 
tive kindness of our friends we now have a per- 
fect breakwater and sheltered cove, safe in all 
weathers. Moreover the inside of the hulk af- 
fords five large natural wells, in which we keep 
living fish, those intended for food as well as 


others of scientific worth. 


To this island station, the most beautiful 
I ever established, we came on March 15, 
1929, and in less than three weeks the machin- 
ery of collecting and research was running 
smoothly. I had a staff of eight, trained and en- 
thusiastic, needing to be held back from over- 
doing rather than urged on. 


I chartered a powerful sea-going tug, the 
Gladisfen, put our electric sounding apparatus 
on deck and the Arcturus winch with three miles 
of quarter-inch steel wire. 

Our work on the fish of Bermuda may be 
divided, like Gaul, into three parts, although 
these merge more or less insensibly into one 
another ;—first the shallow water fish, second 


those of the mid-depths, and finally the fish of 


the open ocean and its mysterious deeps. 


In this Bulletin I can speak only very gener- 
ally of our results for there has not been time 
since our return for detailed study of the col- 
lections. 


Shallow-water Shore Fish.—Every tide-pool 
and coral reef had its hosts of fish, varying from 
the tiniest of crevice-living gobies to great 
sharks which nose their way in on every tide. 
Our work in this department of fish life was 
similar to what we did with West Indian fish 
in Haiti.” Mr. Tee-Van interested himself in 
the major work of identification and color de- 
scription. As in Haiti we found an abundance 
of fish life close about our station and we hardly 
ever went three miles away from Nonsuch. Dur- 
ing the time of our stay we collected and studied 
two hundred and five species, which is consid- 
erably more than two-thirds of all the known 
shore fish of Bermuda. I hired a trained fisher- 


man, a St. David’s Islander and his son, who 


ee Zool. Soc. Bull., Vol. XXX, No. 5 and Zoologica, Vol X, 
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Nonsuch Laboratory showing Dr. and Mrs. 


William Beebe 


Fish, John Tee-Van, 


and Gloria Hollister. 


brought us all their catches both for food and 
specimens, and taught us much of local fish 
lore. Mr. Mowbray, Director of the Aquarium, 
was most generous with his thorough knowl- 
edge of the fish life of these waters, and helped 
us In many ways. 

We sought to enter into the private lives of 


these fish, to learn of their times and seasons, 


the reasons for their change of colors, their 
breeding habits, food and enemies. When it was 
calm enough to use the diving helmet we found 
it, as always, of inestimable value. Half way 
out to the rugged cluster of rocks known as 
Gurnet’s Head was a particularly beautiful 
coral reef, reaching to within a few feet of the 
surface. This, I had discovered the year be- 
fore and named “Almost Island,’ and here we 
dived when we could, walking about its sandy 
paths, pulling ourselves up its sheer coral walls, 
or creeping beneath overhanging arches, through 
living portieres of waving sea-plumes. 

At the end of this year’s work I realized as 
never before the sharp distinctions between the 
life habits of various groups of fish. Looking 


down through the water from a glass-bottomed 
boat is like peering at the land through a fog 
from a low-flying zeppelin. From such a view- 
point there would be little contrast between the 
habits of robins, woodpeckers, hawks, snipe and 
ducks. The same is true of fish, and only when 
at last we identify ourselves with their coral 
haunts, does the orderliness of this great sub- 
marine world begin to be clear and under- 


standable. 
Hidden in the sand are the all but blind 


worm-eels, and Amphioxus,—that nearest living 
thing to the ancestor of all fishes. On the sandy 
bottom live flounders, nurse sharks and lizard 
fish, while in tide-pools gobies, blennies and 
strange dwarf brotulids make their home. But- 
terfly-fish and demoiselles keep close to their 
nests among the rocks, and at night morays and 
squirrel-fish come forth from the crevices and 
holes in the corals. In midwater the fierce 
mackerels and jacks hunt in schools, while near 
the surface vast numbers of fry live lives Which 
seem one long attempt at escape from death. 
We learn to know the fifty-odd families of the 
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Firola, a very beautiful, luminous, deep-sea swimming snail, with a delicate tissue 
shell shaped like a liberty cap. 
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Minute wandering forms of life known as Plankton, found floating 
in mid-ocean. 


at great depths 
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‘‘Split-finger”’ Stomatopod, full grown one and a transparent larva 
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Two netfuls of deep-sea life from 900 and 1000 fathoms, much of it still alive, in 
the process of being sorted for study. 


shallow water fish in a way new to us, making 
them less mere names, and more fellow beings 
on the planet with us and with other creatures 
of the dry land. 


terns, colors, fins, mouths, come to have new 


In this way their forms, pat- 


and clearer meanings for us. 


Our aquariums proved of utmost value. In 
them we hatched the eggs of fish, watched the 
feeding habits of others, noted the color change 
between day and night, calm and fright, and 
observed strange sleeping postures. If we had 
seven years instead of seven months this one 
nvetivese 
few confined quarts of ocean, embryo flying fish 
wriggled about in their eggs and finally burst 
forth into freedom; here flounders opened their 
mouths and drew living fish into them by sheer 
undiscernible magic; here three species of 
wrasse became one by shift of color and pat- 
tern; here the soap-fish justified its name by 
embedding itself in a veritable mountain of firm 


bubbles. 
Fish of the Mid-Depths——The Mid-water 


fishing was real pioneer exploration. 


phase would not become exhausted. 


From 


twenty to one hundred fathoms off shore the bot- 
tom is a jungle of coral rocks too deep for the 
helmet, too rough for the nets or dredges. It is a 
region as unknown as the summit of Everest. 
William Merriam and later Arthur Tucker 
played dominant roles in this field. Ingenious 
traps and buoys were devised; currents and 
winds studied, the great telescope was trained 
Then 
after days of effort, the wire or cord line was 


for hours on the distant floating flags. 


drawn up until it became taut and finally, in 
spite of every care, it usually snapped. We 
lost three or even four out of every five traps, 
yet when one disentangled and came up clear, its 
precious contents repaid all the trouble and 
loss. Strange marbled moray eels, fish with 
unusual white patches on their scales, scarlet 
chaps with eyes unlike those into which the sun- 
light has ever entered, these and others reward 
this heart-breaking labor. Radium hooks did 
their share and even ensnared great pale, wrig- 
gling We successfully caught 
bottom-fish down to one hundred and eighty 
fathoms on this watery jungle floor, and hope 


serpent-stars. 
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Lance or Arrow-crab, which lives among the coral and sea-weeds 


Stenorhynchus 


seticornis. 


for new ideas and still better luck another sea- 
son. 


Deep-sea Fish—The deep sea was the lode- 
stone of my interest. The routine of a single 
day will illustrate our method of work. At six- 
thirty or seven in the morning the sea-going tug 
Gladisfen steams out from St. Georges and ties 
From the south 
study the 


weather conditions at sea, we note the barometer 


up to a buoy off our wharf. 
look-out, with the telescope, we 


and the direction and force of the incoming 
swells which shatter themselves on the rocks of 
Nonsuch. If the surges of the open ocean are 
too severe, if there is danger of the delicate 
nets pulling out of their rings, or the wire itself 
fraying and parting, we signal the tug to go 
back, if the weather is propitious we snap into 


the day’s action. 


With overconfidence in the gods of wind 
and wave I had hoped at the beginning of the 
year to pull a thousand nets. When we had 
completed our six months trawling with the 
Gladisfen, the sturdy tug had been to sea ninety- 
one times and we had successfully drawn five 


hundred and twenty-eight nets. This, exactly 
fifty per cent. of a perfect score, we now realize 
Even with a full-sized 


steamer we would have jeopardized our nets if 


is an excellent average. 


we had attempted more. 


If the sea on the particular day in question 
is kind, two of us go on board with lunch, crates 
The house flag 


of the Tropical Research Department of the 


of jars and printed data blanks. 


Zoological Society is run up and the tug churns 
her way out past the ancient forts, close to 
Gurnet’s Head and due south for five miles. 
Here with a thousand fathoms of water beneath 
our keel, we put over the two hundred pound 
ise 
decide on the usual haul we send down six, 
one-metre silk nets, one hundred fathoms apart, 
and then sufficient cable to lower them to depths 
respectively five hundred to one thousand fath- 
oms. For hours we now steam slowly along, 
at the rate of two knots, watching sea and sky, 
current, cable and engine. 


weight and the wire cable is paid out. 


When the sea is so calm that we are sur- 
rounded by slicks filled with Sargassum weed, 
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Bandana Shrimp, a brilliant, scarlet and yellow species found over most of the 


seven seas. 


John Tee-Van and I take to a small boat and 
out-board motor, and successfully pursue with 
butterfly nets small, gorgeously colored flying- 
fish. Occasionally I shoot a strange sea-bird, or 
we hook a large shark or dolphin, and once I 
just beat a shark to an enormous floating 
_ pelagic squid. 

One day when we made an especially deep 
haul I fastened the Explorers Club flag to the 
lowest net and sent it to a no-mans-land in- 
finitely less accessible than the highest mountain 
or ultimate pole. It came up icy-cold but show- 
ing no hint of the mile and a half of water pres- 
sure or the absolute blackness of the ocean’s 
deeps. 

At last the cobweb line is reeled slowly in 
until a flash of silk is seen far down through the 
ultramarine depths, and we haul on board the 
five hundred fathom net. The jar of precious 
specimens is carefully detached and labeled and 
the mesh washed for stray fish. When the sixth 
and last net is lifted in, the tug turns landward 
and goes full speed for Nonsuch. On the way 


in, any rare live fish is put in an iced aquarium, 


Stenopus hispidus. 


while any excess of pyrosma and injurious jelly- 
fish is removed. 

The thrill and excitement of the arrival of the 
catch never abates. A great table is prepared 
with shallow white containers, into which each 
jar, full of strange creatures is emptied. The 
water of the deeper nets is still cold with the 
Each 


I examine the living, 


eternal chill of a mile below the surface. 
person has special duties. 
luminous fish and any new form is instantly 
turned over to the artists who frantically record 
the colors and tints before they fade. Or they 
are taken into the dark room for examination. 
Here they may even be given a slight injection 
of adrenalin to spur their luminescence to 
greater activity. 

It is during the first hour after arrival that 
one’s mental ability seems to be at lowest ebb. 
I fully realize the rapidity of the astonishing 
changes taking place before my eyes. I have 
twenty glass dishes on my table all holding 
new and profound secrets, and knowing so well 
the limitations of my poor brain, I sometimes 
almost cease my efforts to record so imperfectly 
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Gold-tentacled Sea-Dragon, a new species of Eustomias, pursuing young lantern 
fish and feather-tailed copepods, at a depth of one mile. 
Painting by Else Bostelmann. 
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The great Gulper Eel, Gastrostomus bairdi, and four of the young phases. Even 

the transparent, most immature leptocephalid shows the line of ten lights arranged 

along the tip of the tail. The tiny eyes and skull are at the very tip of the front 
of the body. Painting by Else Bostelmann. 
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A common but very marvellous inhabitant of the deep-sea, Argyropelecus hemigym- 
nus, the Silver Hatchet Fish, with its telescope eyes looking forever upward, and 
the group of mauve and violet lights glowing downward. Although living in 


almost absolute darkness, its body is a mass of iridescent silver. 


Painting by 
Else Bostelmann. 
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A stereoscopic-eyed deep-sea fish—Stylophthalmus. It has a row of lights down 

the body, a great, flat mouth like the bill of a duck, and the eyes on the tips of 

long cartilaginous stalks. In the young the eyes are sessile. Painting by 
Else Bostelmann. , 
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what I perceive but cannot interpret. I lean 
hopelessly back and look with unscientific eyes 
but a tremendous feeling of awe at the astound- 
ing glory of glowing lights and iridescence, and 
never-ending marvel of a living fish which has 
withstood a lessening pressure of over a ton 
upon every square inch of its body, and which 
in the thin, warm medium of the surface water 
and the terrible glare of sunlight can still swim 
and breathe and carry on. 


In many ways the deep sea fisherman is com- 
parable with an astronomer—he can scarcely 
hope to visit and actively investigate the na- 
tive haunts of his interest. But before I com- 
mitted my specimens to the mummifying ef- 
fects of preservative I was able to learn much 
about them while they were still fresh and icy 
cold from the depths of ocean. 


Perhaps the most important discovery was 
that temperature was even more important than 
pressure in keeping them alive. Ten minutes 
of vital activity to as long as forty-eight hours 
rewarded our efforts. So I had opportunity for 
notes on length of viability, character of swim- 
ming, shape while still unshrunken, tints of 
body and color of luminescence, and finally ac- 
curate data as to eggs and food. 


Fortunately deep sea fish usually swallow 
their food whole, so in many cases I was able 
accurately to recognize the last meal. In some 
future net I was almost sure to find an injured 
or even living specimen of this food, and this 
gave me the material for a reliable painting in 
full action of the particular fish pursuing the 
prey in question. With the aid of my artist 
Mrs. Bostelmann, I was able to record half a 
hundred such tableaux—scenes from the lives of 
these fish as authentic as though they were pho- 
tographs taken at a mile depth. 

Up from the black depths came huge-mouthed 
Gulper Eels, creatures almost all mouth with 
just sufficient muscle and tail to open and close 
the massive maw and whip it through the water. 
Then came unforgetable moments when the 
staff was summoned to view the leptocephalid 
young of this eel—as unlike the adult as an 
Indian pipe is unlike an orchid. 

Blind fish groped about our pans of abysmal 
loot, and with them tiny fish with eyes so large 
that these organs occupied quite half of the en- 
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tire body. We picked up squids which had their 
eyes on the tips of long arms, others which 
showed waves of unbelievable turquoise lumines- 
cence flowing around and around their staring 
scarlet eyes. 

Fish wholly of transparent tissue, of aston- 
ishing shape, some with elaborate pigment 
hieroglyphics along the sides, defied identifica- 
tion, for they were the unknown young of 
equally unknown adult forms, and we could only 
describe and photograph them, and give them 
numbers or casual titles, such as Sextet Bulls- 
eye, Ghostfish, or Yellow-throated Blue Dragon 
Eel. 

Two atoms of fish were rescued by Miss Hol- 
lister one day and found to be infants of an 
ocean sunfish which reaches the weight of a ton. 

Smooth, scaleless sea-dragons were taken by 
scores, many of them quite new——and most with 
fantastic barbels. Some of these appendages 
were like slender threads strung with pink 


glowing bulbs, others were branched like a tree, 


all shining with yellow and orange lights. Great 
cheek lights were sometimes present, pink or 
green or mother of pearl, which could revolve 
out of sight or be suddenly eclipsed by a de- 
scending eye-lid of black skin. In one unnamed 
being, the slender chin tentacle was ten and a 
half times as long as the entire body, and an- 
other big fellow had his skin etched or tattooed 
with fine lines of pale blue light. 

The vital interest of this catch of thousands 
of deep-sea fish, which contains representatives 
of almost every known family, is that they came 
from a vertical zone between five hundred and 
one thousand fathoms and from a definitely 
limited eight mile circle. When nearly a hun- 
dred nets have been drawn let us say at a uni- 
form depth of eight hundred fathoms across 
this cylinder of water, the study of their con- 
tents will reveal real relationships, as to num- 
bers, age, sex, as to which are prey, which are 
dominant, what proportion make their living 
by blind feeling, or by a combination of large 
eyes and abundant luminescence. My season’s 
catch is a mid-water one, well insulated from 
surface and from bottom. 

Two interesting and quite new experiments 
were made through the generosity of Mr. L. R. 
Smith of Milwaukee, who had a powerful pres- 


sure tank and a very elaborate and ingenious 
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An example of beauty in death. A bit of dead sargassum weed: the berries 
covered with the snail-like helices of a sea-worm—Serpula—and the marvellous 
ivory architecture of moss animals or bryozoan skeletons. 
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pressure gauge devised and sent to us. The 
former enabled us to place deep-sea fish under 
a water pressure much greater than that at the 
surface. The latter was made to register the 
depth of the net to which it was attached. 

On the next to the last day I took a long 
chance and lowered a big otter-trawl actually to 
the bottom. Luck was with me, my wire did not 
part, and although the net was torn it brought 
up hints of a wholly strange, new world; one 
which I hope with my large Arcturus winch and 
half inch wire successfully to study next year. 


On the final day of trawling we made a series 
of ten vertical hauls with most satisfactory re- 
sults, the careful collating of the contents serv- 
ing quite accurately to establish the relative 
depths of our daily horizontal hauls. 


Our work this year was not wholly unevent- 
ful. Aside from the sudden squalls, and the 
near accidents which inevitably accompany 
such field work, we touched bottom unexpect- 
edly one morning and tore away and lost three 
nets and one thousand metres of wire. This may 
have been an uncharted submarine mountain 
peak or saddle-back ridge. One day our long- 
suffering winch broke down and two precious 
weeks were lost while it was being repaired at 
the government dock-yard. 


To the Honorable F. G. Gosling, who is the 
godfather of all the scientific work ever done 
in Bermuda, and to Governor Bols we are in- 
debted for a host of kindnesses, and our treat- 
ment at the hands of the members of Parlia- 
ment, the other government officials, the local 
press and the Furness Bermuda Line was that 
usually reserved for intimate friends and neigh- 
bors. 


A list of the individual Bermudians who aided 
our work would consist of almost a census of the 
island. In St. Georges Mr. W. E. Meyer and 
Mr. E. Percy Tucker from whom we clartered 
the tug, did all in their power to make our ef- 
forts a success, and provided a picked crew 
who never lost interest or shirked their monot- 
onous duties. On Nonsuch itself, the govern- 
ment caretaker, Mr. Arthur Tucker and Mrs. 
Tucker did for us in manifold ways, and ac- 
cepted our desires and needs as if they were 
their own. 
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Laboratory Work.—In addition to the actual 
naming, cataloguing, labelling and describing 
of the fish, we carried on research in many di- 
rections. Mr. Robert Whitelaw made over six 
hundred negatives of fish life, as well as land- 
scapes, personal views and general activities. 
Mr. Tee-Van and I were able to get the first 
motion pictures ever taken of living deep-sea 
fish brought up from nine hundred and one thou- 
sand fathoms. Mrs. Tee-Van painted over two 
hundred plates of fish and invertebrates, show- 
ing delicate shades of coloring and many color 
changes. Mrs. Bostelmann made sixty-odd 
paintings, mostly of deep-sea fish pursuing their 
prey, and Miss Miller concentrated on the dif- 
ficult labor of delineating delicate skeletons. 


Miss Gloria Hollister took as her major oc- 
cupation the clearing and staining of fish, and 
at the end of our stay her collection numbered 
over one hundred species and five hundred and 
forty specimens. By patience and the skill ac- 
quired during university training and with Dr. 
Alexis Carrel, Miss Hollister was able success- 
fully to go far beyond her work in New York. 
The stains used were not only those for bone, 
but for cartilage, scales, connective tissue, and 
finally a selective fat stain for non-luminous 
tissues. 


Professor J. Newton Harvey of Princeton 
spent a month with us working on luminous tis- 
sues, and the physiological effects of adrenalin. 
The luminous organs of fish and shrimp blazed 
up in the dark-room, and afforded excellent op- 
portunities for detailed study. Dr. and Mrs. 
C. J. Fish of Buffalo brought two trained 
workers in wax, who collected and modelled a 
complete coral reef group. Dr. and Mrs. Fish 
worked on plankton and larval fish respectively. 
William Merriman has been with me on every 
trip and here he attained splendid success in 
setting baited traps in intermediate depths, at 
the same time assuring the smooth running of 
all the delicate machinery, dynamos, pumps, 
and engines. Five members of the staff were 
able to spend only part of the time at the Sta- 
tion, Dr. Jamie Jamison, Mrs. Hayne Boyden, 
S. Von Hollberg, Mary Vander Pyl and Alice 
Wright. 

This staff taken as a whole was the best I 


64 13) Op JG, JG JB FP al Say 


March-April, 1930 


Mr. Harrison Williams and Mr. Mortimer L. Schiff, members of the Board of 
Managers of the Zoological Society, who have made possible the two Bermuda 
Oceanographic Expeditions. 


have had for years, and it is to their keen en- 
thusiasm and indefatigable labors that the un- 
usual success of the expedition is due. 


A number of the members of the Zoological 
Society and of the Explorers Club visited Non- 
such and we had many other appreciative 
guests. Among these were H. E. the Governor 
Sir Louis Bols and Lady Bols, Admiral Sir 
Cyril and Lady Fuller, Hon. F. G. Gosling, 
Prof. and Mrs. Henry Fairfield Osborn, Dr. E. 
L. Mark, Dr. Sayles, Mr. Grant Mitchell, Sena- 
tor Frederic C. Walcott, Mr. and Mrs. Lister 
Carlisle, Mr. and Mrs. C. Ledyard Blair, Mr. 
and Mrs. Burt Massee, Mr. and Mrs. Paul 
Hammond, Mr. W. E. D. Stokes, Jr., Judge W. 
F’. Mountain, Count and Countess Von Luckner, 
Dr. and Mrs. Mees, Mr. and Mrs. W. J. Love, 
Mr. G. P. Putnam, Mr. Carveth Wells, Dr. and 
Mrs. Henry D. Lloyd, Mr. James B. Pond, Mr. 
Robert Blackman, and Col. McClaine. Dr. W. 
Reid Blair owing to lack of time got no nearer 
to us than Hamilton and Government House. 
Major Vivian Drake and Mr. Gillmore Browne 
spent some weeks with us. 


During the seventeen years I was building 
up and caring for the collection of birds in the 
Zoological Park, I was able to welcome the 
members of the Society to those exhibits. Now 
for the first time since I founded the Depart- 
ment of Tropical Research, on the coming 
Thirteenth Expedition, I am able to extend an 
invitation to all the members of the New York 
Zoological Society to see our work in the field. 


During 1930 we shall occupy the island of 
Nonsuch from April to November. In forty-eight 
hours from New York City one can be in St. 
Georges with its comfortable hotels, within 
twenty minutes by motor boat of Nonsuch. 
Judging by the enthusiasm of the guests we had 
this first season, the sight of the deep-sea catch 
coming in is well worth a trip to what the na- 
tives call the “Isles of Rest,’ but which to us 
mean a most rare opportunity for hard, crea- 
tive work. We have an extra helmet especially 
for guests who wish to dive among the coral 
reefs near the island. The variety of suitable 
spots is so great that the diver can be certain 
of taking his plunge with or without sharks. 
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Mr. Madison Grant, United States Senate 
330 Park Ave., New York, N. Y. : Washington, D. C. 


My dear Mr. Grant: I am taking this opportunity of sending you a line of commendation 
on the work of Dr. Beebe and his staff on Nonsuch Island, Bermuda. As one of the trustees of 
the Zoological Society I am greatly interested in the success of our scientific work in the field. 


I spent a week on Nonsuch last summer, diving and photographing under water, and watch- 
ing the deep-sea catches and researches. 


Our Director, William Beebe, is extraordinarily well equipped to delve into the mysteries of 
the ocean depths and introduce his various exhibits to the public in his inimitable way. He has a 
scientific background which enables him to get the facts. He has collected a group of enthusi- 
astic assistants who can analyze, classify, photograph, sketch, and systematize these living curi- 
osities in such a way that they help materially in piecing out the chart of life. Dr. Beebe, as 
you know, has great facility in describing these specimens and some of the lessons they teach in 
a ea popular way, which is in my opinion, of really great value in addition to the purely 
scientific merit of the work that is being done. I hope the popular side will never be neglected. 
I wish that other lessons of biology and physics were being presented in the same fashion, so 
that the lay mind could understand something of these wonders. 


It may be irksome and difficult to present scientific facts to the public in such a way as to 
stimulate interest in pure science and a desire for greater knowledge of it, but it is the highest 
form of education; and when a man has the gift of presenting facts in popular form, that gift 
should be exercised to the limit. 

Sincerely yours, 


Freperic C. Watcort. 


Prof. Henry Fairfield Osborn and Senator Frederic C. Walcott photographed during 
their visit to Nonsuch. 
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Eggs of Flying Fish, showing late development and hatching as observed in a 
laboratory aquarium on Nonsuch. They were taken from a nest bound together 
with strands of silk in a bunch of Sargassum Weed. Painting by Helen Tee-Van. 
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Sketch map of the North Atlantic Ocean, showing the relation of the great oceanic 


currents to Bermuda. 


Adapted from Johnstone’s “Introduction to Oceanography.” 


Drawing by John Tee-Van. 


How Bermuda Acquired Its Shore Fishes 


JouHn TEer-Van 


LONG the sandy beaches of Bermuda 

during most of the summer and autumn 
months, great mats of Sargassum weed are 
found, either hurled ashore by breakers or float- 
ing in the shallow waters of protected coves. 
The weed, in its contact with the island, serves 
a double purpose—the first utilitarian, for it is 
much desired as fertilizer by the Bermudian 
farmers, the second not as practical but of far 
greater interest. For in this case it points at 


the beginning of things—it shows the way in 


which Bermuda, an island situated many hun- 
dred of miles from other land, and jutting 
abruptly out of water a mile and a half to two 
miles deep, acquired its shore fishes. 


In among the fronds and gas-filled floats of 
the Sargassum are infant fishes, smail triple- 
tails, tiny amber-fish and ale-wives, rarely a 
sea-horse, pipe-fish, and always the ever-present 
voracious Sargassum fish. Some of these, es- 
pecially the last two, are permanent inmates of 
the weed, spending their lives clinging to the 
fronds and insinuating themselves through the 
interstices of the algae. The others, usually 
much fewer in number, occupy it as a nursery, 
gaining protection for a short period of their 
lives when protection is most needed. 

Thousands of years ago similar weed must 
have drifted in to Bermuda, bringing with it its 
cargo of babies. Besides the weed the currents 
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The largest single cell in the world—-a one-celled alga, Valonia, locally known as 

Sea Bottles. These look like giant emeralds, and are washed ashore on Nonsuch 

beaches. The Rockefeller Institute has, for four years, maintained a station in 
-Bermuda for the sole purpose of studying this type of single cell. 
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brought eggs in various stages of hatching, 
and other small fish, who with greater courage 
or with less intelligence or without thinking at 
all about it, declined to avail themselves of the 
safety of the Sargassum. Now and then an 
adult fish may have lost its moorings, and, 
caught up by the currents and wafted along, 
eventually—one cannot say landed, reefed at 
Bermuda. 


Countless numbers of fish both large and 
small, must have drifted during almost count- 
less years near the coast of the island, and only 
by the accident of being a few hundred feet 
farther one way than the other, have an in- 
finitesimal number reached the actual shores. 
Of the relatively minute number that were for- 
tunate enough to gain the protection of the reefs 
or bays or protected pools, an even smaller num- 
ber were able to find the exact niche to which 
their ancestors had been accustomed and that 
meant life and the opportunity to exercise their 
abilities to maintain that life. 


That conditions were not always favorable 
to the establishment of a certain species of fish 
is attested at the present day by the Triple-tails, 
which although the young are abundant in the 
weed, have evidently not been able to maintain 
themselves in the conditions offered by Ber- 
muda. During our eight months’ stay in Ber- 
muda in 1929, no adults were seen and our na- 
tive fishermen did not know the fish at all. 
Other fishes very likely have similar unknown 
disqualifications. 


But to come back to our weed and the eggs 
and fishes and where they drifted from. If we 
look at a map of the North Atlantic ocean that 
shows the current systems, it will be seen that 
Bermuda lies well outside the main current of 
the Gulf Stream, and that the full force of that 
rushing body of warm water is not felt at the 
island. It is quite evident that eggs and fishes 
that are in the central part of the Stream must 
inevitably be carried far past Bermuda, so that 
it is only by the accident of their being in the 
southern and eastern borders, where by the 
action of the induced currents they might be 
carried farther and farther away from the cen- 
tral rush of water and eventually be transported 
to the quieter currents that surround Bermuda. 

If we follow these currents backward we 
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ean find where most of the fish of Bermuda 
came from. The journey back is not a long one, 
because we soon find that the close relatives of 
the Bermuda fish are to be found among the 
West Indian Islands and along the coast of the 
Southern States, Central and northern South 
America. In fact most of the species are ex- 
actly the same. But in some species the interval 
of time since the nth grandparents first arrived 
on the island and the present generation ap- 
peared, has been so great that the Bermudian 
fish have changed slightly from their West In- 
dian cousins. A few scales have been added 
here and a few lost there, another spine or ray 
may have been added or lost, or colors may not 
be quite the same. The silversides, Atherina, 
show this as well as any other form, and quite 
a number of other species demonstrate it as 
well. Bermuda has been called a sub-region of 
the West Indian fish fauna, and it is certain 
that further work will tend to establish this re- 
gion even more firmly. “ 

If we investigate the Bermuda fishes more 
carefully, we will find that there are a few spe- 
cies whose nearest relatives are members of the 
European fauna or live about the shores of the 
Azores and Madeira. Even the presence of these 
can be explained by the currents. If we study 
our map of the North Atlantic again it will be 
seen that the currents form a great circle which 
flows clockwise and that on the eastern side on 
their southward journey they pass the shores of 
Europe and the Canaries and Azores, before 
turning westward to become warmer and enter 
once more the waters of the Caribbean and then 
eventually become once more a part of the Gulf 
Stream. A branch of this same westerly flowing 
current joins the Stream above the West Indies 
passing north of the Bahamas. It is quite prob- 
able that these fish came to Bermuda from their 
Eastern Atlantic homes by this long and devious 
route. 


But even the currents and drifting can not 
explain all of Bermuda’s fish. At the present 
time there are a number of species that are 
known from nowhere else, and the explanation 
of the fauna having drifted there apparently 
would not apply to these. But the number of 
these unique forms is constantly dwindling as 
our knowledge of the West Indian fishes in- 
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larvae—or Leptocephalids—of unknown species of eels: trawled 
at great depths in the open sea off Nonsuch. 
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Upper left: The facetted body lights of a deep-sea fish, Cyclothone. Lower right: 

A delicate, glassy, deep-sea shrimp—Hryoneicus, a very primitive crustacean, 

related to fossil forms. Remaining photographs: Arrow snails or Pteropods of the 
genus Clio, swimming far beneath the depth at which light penetrates. 
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creases and very likely most if not all will be 
found to be common to the two groups of 
islands. Some of them, however, as a few of 
the pipe fish and wrasses, may have developed 
since the introduction to the island of their an- 
cient prototypes. 

Certain species and most desirable ones, too, 
perhaps never could have reached Bermuda. 
Some undetermined or indeterminate factor, 
such as non-floating eggs, or inability to main- 
tain themselves during the long journey from 
their homes to Bermuda, has militated against 
their arrival. A few of these have been helped 
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along by man, and it is to the enterprise of Mr. 
Louis L. Mowbray of the Bermuda Aquarium 
that the island is indebted for a few of the 
choicest of West Indian fishes that now swim 
about her reefs. 

And so even as we watch the Sargassum weed 
advance and recede as wave after wave attempts 
to push it farther and farther up the beaches, 
and troublesome as it may be to the propellers 
of our motor-boats, its presence near an island 
where it does not grow, indicates for us a pos- 
sible way in which the fishes of Bermuda came 
to their delightful island home. 


The Gulper Eel, shown as the normal fish appears, and as a transparent object. 
Drawing by Llewellyn Miller. 


Fish Magic 


Guoria HouuistTEerR 


T matters not whether fishes are rare or com- 
mon, or by what means they are caught, each 
one is studied at Nonsuch. The future of every 
fish is decided by the scientific judge according 
to its individual value. Some are destined to be 
purely utilitarian and, after the content of their 
stomach has been recorded, they are consumed 
by hungry fish connoisseurs. Many times we 
envy the chef his comparatively simple prob- 
lems of preparation, seasoning and cooking, 
after which the fish achieves the worthy destiny 
of providing perfect nourishment for our bodies. 
Less satisfactory are the results in the case 
of the other fish which prove subjects for scien- 


tific investigation, zoological research and 
chemical preparation. The problems here are 
so complex, so intricate, that only too often must 
we admit mental indigestion when we have done 
our best. 

The chemical preparations have proven re- 
markably successful. With an abundance of 
material and splendid laboratory quarters and 
equipment and an able assistant—Miss Alice 
Wright—I accomplished much of what I had 
planned. The technical laboratory is known 
intimately as “The Clearing House’—for, in 
addition to clearing fish, mental opaqueness 
often is clarified by noisy discussions. The 


Vol. xaxxitt, No. 2 


NEW YORK ZOOLOGICAL SOCIETY 108) 


Head of Cyema, a rare deep-sea eel, with the bones shown by our clearing process. 


Bermudians have named my laboratory “The 
House of Magic.” History recalls that not 
many years ago a woman was burned to death 
on St. David’s Island near by, as a witch, for 
working minor magic; I could easily qualify if 
those days were not past. 

By the mysterious working of brilliant dyes, 
bleaching fluids, and other chemicals, we find 
that beauty is not merely skin deep. Every 
bone, tendon, muscle and fiber assumes an in- 
dividuality, with a characteristic pattern. Like 
the fading of one cinema picture and the grad- 
ual appearance of another, the skin and flesh 
of the fish become less and less opaque before 
our eyes, while the skeleton, stained a brilliant 
scarlet, crystallizes into plain view. Specimens 
treated by these processes, whether man, bird, 
frog, or fish, adult or embryo, remain natural 
in size, shape and structure. No dissecting 
knife has touched them. But their bodies have 
become transparent and their concealed struc- 
tures colored to increase visibility for study. 
The specimens are permanently preserved and 
ready at any time for osteological, histological, 
and ecological study. Distinct photographs can 
be made of the skeleton, showing the degree of 
development of bone and the centers of ossi- 
fication. 

We know, of course, that X-rays also have 
the power of penetrating objects which are 
opaque to ordinary light. But in this case the 
photographic plate must be studied and not the 
original specimen. We must depend on the ac- 


curacy of the emerging rays to radiograph a 
shadow picture on the photographic gelatine. 
The result is often blurred and detail of struc- 
ture lacking. For the purpose of anatomical 
research on non-living specimens this process 
of “clearing and staining” far excels the tedious 
method of old, of dissecting out the desired 
parts. Photographs of the actual skeleton of 
the “cleared and stained” fish are immeasurably 


better than X-ray plates taken of the normal 
fish. 


During the summer I experimented with 
newly caught fish as well as those which had 
been preserved for a long time. This showed, 
to my surprise, that the final transparency of a 
fresh fish gave more perfect and more brilliant 
results. With delicate treatment the fresh tis- 
sues were uninjured and reacted more readily 
to this artificial staining and clearing than did 
those of the preserved specimens. This was 
contrary to the experience of other zoological 
chemists. It was almost unbelievable to see the 
scarlet skeleton of a small trigger-fish, ap- 
parently suspended in mid-fluid, with the re- 
mainder of the fish wholly invisible—and to 
remember that only twelve hours before, the 
little fellow had been swimming, happy and 
opaque, about his home near a Bermuda coral 
reef. As far as I know this is a time record for 
producing a perfectly stained and cleared trans- 
parency. 

We gaze at the sharply defined scarlet skele- 
ton, within an almost invisible outline and won- 
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| der what power has produced this amazing 
. transparency. But neither chemist nor physicist 
| has wholly solved the secret. As a magnet at- 
tracts iron filings, so the bones draw to them- 
| selves the particles of alizarin dye and only an 
| acid bath can break this bond. Immersion in 
alizarin for a few hours is sufficient to dye all 
The rest of the 
body takes on a paler stain which necessitates 
a series of bleaching baths before the real clear- 
ing is begun. 


the bones a uniform scarlet. 


The affinity of alizarin for bone 
Even the blackest black 
skin of a deep-sea fish can be bleached and yet 
the scarlet stain still remains in the bones. 
Other dyes can be used to stain the skeleton but 
no other will resist the decolorizing process 
which follows the staining. This is the great 
difficulty of such delicate technique applied to 
whole specimens, a difficulty which, of course, is 
never encountered in the staining of thin mi- 


is almost incredible. 


croscopic sections. 


The bleaching of the skin and the removing 
of the dye from the tissues other than bone is 
accomplished by a series of peroxide or am- 
monia baths or some other non-acid fluid. Short 
exposure to sunlight is effective for delicate 
specimens only, but this is not under laboratory 
control and is often unavailable at the moment 
when most needed. 


The completion of the decoloration is accom- 
plished by soaking the specimen in various dilu- 
tions of potassium or sodium. For very deli- 
' eate fish, larval forms and embryos, sodium 
gives better results, being less potent. We have 
used other solutions but these are most satis- 


factory. 


Now that we have pictured the red-coated 
army of dye particles invading the bones, we 
can imagine a more invisible cohort in the col- 
orless clearing bath. This faction attracts and 
unites with various fluids of the body, such as 
water, leaving the specimens as clear as crystal. 


Before us on the laboratory table is an array 
of transparent, ghost-like forms of what, a short 
time before, were strange black beings from a 
mile down. The large-headed gulper eel is re- 
vealed in its true, almost headless form. Sus- 
pended from its diminutive skull is the caver- 
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nous, sack-like mouth. Behind this is a slender, 
whip-like tail serving to propel this animated 
deep-sea trap toward its food. No ribs are at- 
tached to the simple scarlet backbone which 
extends from the skull to the very tip of the 
tail. 


An amazing contrast to this slender eel is a 
tiny sphere of a fish—a deep-sea puffer, which 
in life, reveals no outward hint of hidden se- 
crets. But in transparent form we see that 
over three-fourths of its body is an enormously 
developed head. The vertebral column is al- 
most wanting. ‘The dye emphasizes its weak- 
ness and disuse and simultaneously indicates a 
compensation. Pointing outward from the thick 
covering of skin which envelopes the whole body 
are hundreds of lance-like bony spines—a warn- 
ing to preying enemies. 

The rare deep-sea fish Opistoproctus with 
upwardly directed light-seeking eyes, has never 
been given full credit for its true figure because 
of its scarceness in deep-sea hauls. Only a 
single representative of this species reported to 
have his skeleton recorded during the six months 
of our trawling. Unlike the three specimens 
collected by other expeditions this one arrived 
from a depth of six hundred fathoms in per- 
fect condition. After dyeing and clearing, the 
tail bones are seen to be symmetrically ar- 
ranged, which is quite contrary to former ob- 


servations on uncleared, damaged specimens. 


This fish is designed like a sea-sled with a 
solid flat bottom skid. Together with the 
pointed profile of the snout this skid forms a 
V-shaped hollow which has been described as 
the mouth. While this would seem perfectly 
adapted for sliding over irregular submarine 
surfaces, the fish actually lives half a mile 
above the floor of the ocean, leaving us without 
any explanation for the complicated bony un- 
dergear. Study of the actual bones shows that 
the real mouth is very small and high up in the 
head, far above the indenture which, in profile, 
resembles the oral opening. In this and in a 
hundred other ways the revealed skeletons tell 
us invaluable things about the habits of all these 
deep-sea fish, which we may never be able to 
study in their icy submarine haunts. 
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A remarkable, luminous, abysmal squid with only two elongated arms, and with 
the eyes on the ends of long tentacles. 
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The Poisonous Serpents of the New World 


A Comparative Review 


Raymonp L. Dirmars, Lit.D. 
Curator of Mammals and Reptiles, Zoological Park. 


Illustrated from photographs made in the Zoological Park by the Author and Elwin R. 
Sanborn. Also from photographs made in the field as indicated under the plates. 


HIS work has been prepared after requests 
for a readable account of the poisonous 
serpents of North and South America and the 
The plan has been to bring 
them together with generally complete illustra- 


adjacent areas. 


tive detail for comparison and _ identification. 
Queries from various latitudes have guided the 
author in presenting the text as a zeegeo- 
graphical account. This produces a practicable 
summary for persons going into unfamiliar 
country, to planters or others engaged in per- 
manent work in broadly scattered areas, and to 
The 
ranged in the continuity of zoological classifi- 
cation. 


students generally. illustrations are ar- 


The author has made personal investigations 
over a wide area. These have been recorded 
from coast to coast in North America, including 
the southwestern deserts; in Mexico, Guatemala, 
Honduras, Costa Rica and Panama; and in 
Brazil. 

The poisonous snakes of the New World, 
comprising some of the most deadly known 
species, and some of great abundance, have not 
been considered collectively in terms that may 
be broadly understood. Three important condi- 
tions are to be noted at the beginning: 


The North American poisonous species are 
quite different in their make-up from the 
tropical types. Their venoms are different and 
require treatment by specific grades of serum 
to produce the most efficacious results. With the 
exception of the eastern copperhead, the south- 
eastern water moccasin and two small coral 
snakes in the southerly latitudes, the greater 
area of North America contains but one other 
serpent—the rattlesnake. 
There is, however, a considerable number of 


type of poisonous 


species of rattlesnakes. Approximately a dozen 
distinct kinds of these characteristic serpents 
occur in various parts of the United States. 
There is great variety in size, pattern and col- 
oration. They inhabit a variety of country, 
some being characteristic in frequenting deserts, 
others plains, swampy areas or mountains. 
South of the northerly and arid area of 
Mexico, the status of the rattlesnake group 
changes in the disappearance of species and 
the Central American countries and 
entire South American continent, there 
is but a single distinct species. This has a 
symmetrical, rhomb-like pattern. The United 
States, therefore, is the headquarters of the 


rattlesnakes, with the greater number of the 


through 
over the 
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species forming a radiating group in the south- 
westerly portion. 


The second point relates to the appearance, in 
Mexico, of the characteristic type of poisonous 
snake of the New World tropics. This is the 
so-called lance-head type of pit viper of the 
genus Bothrops. All of the tropical American 
vipers, with the exception of the bushmaster 
and a water moccasin, have been assigned to 
this genus, although the slender-bodied, tree- 
climbing species with a prehensile tail appear 
to warrant recognition within a distinct genus. 
We may take the fer-de-lance as a representa- 
tive species of Bothrops. 'The name fer-de-lance 
(relating to the shape of the head—like an 
iron lance) is a Creole-French term coming 
from the southerly West Indies. In Central 
America it is commonly called the barba ama- 
rilla (yellow-beard) and in Brazil the jararaca 
—the latter word relating to an arrow and re- 
ferring to the shape of the head. 

It is the most abundant and widely distributed 
poisonous serpent of the New World, and repre- 
sents the characteristic type most broadly 
developed in the American tropics. All told, 
approximately twenty-four species of Bothrops 
are scientifically listed. The genus is to a cer- 
tain extent monotonous in form and pattern of 
its members. Their venom is largely composed 
of a powerful haematoxin, which destroys the 
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red cells of the blood and breaks down the 
walls of the carrying vessels. Rather dominating 
in its difference is the great bushmaster, ex- 
tending from Nicaragua and Costa Rica well 
through Brazil. It is the giant among vipers, 
attaining a length of twelve feet. Its single 
species is assigned to a separate genus, Lachesis. 
A number of species of brightly colored coral 
snakes (Micrurus) inhabit the tropical area. 


The third point of summary relates to the 
absence of poisonous serpents in all of the large 
islands of the West Indies. No dangerous rep- 
tiles occur in Cuba, Jamaica, Hayti or Porto 
Rico, nor anywhere in the West Indies except 
in the Windward Islands, where the fer-de-lance 
occurs in St. Lucia, Martinique and ‘Tobago— 
and Trinidad, lying close to the mainland. The 
coral snake also occurs on these islands, includ- 
ing St. Vincent. This absence of poisonous 
reptiles among all the large islands is all the 
more remarkable owing to the proximity of an 
infested Central American mainland, the luxuri- 
ance of flora of the islands, and climate condu- 
The islands are 
fairly well populated with harmless reptiles. 
This point is graphically illustrated by the map 
of the Central American and West Indian areas. 
Particular detail has been applied to the Cen- 
tral American area as queries about the reptile 
life in these near-by American tropics have 
indicated the need of descriptive details. 


cive to reptile development. 


SS 


The North American Species 


United 
States is inhabited by poisonous serpents— 
although we might accord to a few states in the 
northeastern corner of this far-flung area the 
reputation of being nearly or quite free of 
them. These are the states of Maine, New 
Hampshire and Vermont. There are occasional 
reports of rattlers in the southerly portion of 
Vermont. The northerly states to the westward 
are liberally inhabited by rattlesnakes which 
extend their habitat well into Canada. This 
condition extends westward to the Pacific Coast. 


Practically every portion of the 


Our southeastern states, warmed by their con- 
tact with the Gulf Stream, with thick tangles 
of river swamps and humid coastal areas, har- 
bour large numbers serpents. 
Texas, Arizona and New Mexico are very liber- 
ally supplied with rattlers. The Pacific states 
also have large numbers of rattlesnakes, while 
the interior states show “spotty” occurrence, 


of poisonous 


abundant in some areas, moderately so in others. 
The writer doubts, however, if there are any 
portions much more abundantly supplied with 
venomous snakes than some areas of Massachu- 
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setts, Connecticut, New York, New Jersey and 
Pennsylvania, where the timber rattlesnake and 
copperhead infest the mountain ledges. 


The species of rattlesnakes vary in size from 
several that are not larger than the average 
striped snake to the huge and formidable dia- 
mond-back, which attains a length of over eight 
feet and a circumference of about twelve inches. 
Throughout the northeastern portion of the 
United States there is but a single abundant 
species—the banded or timber rattlesnake, al- 
though in western New York a small rattler— 
the massasauga—is occasionally found and be- 
comes rather common in the eastern central 
states. The timber rattlesnake gives way on 
the eastern plains to a species of wide distribu- 
tion—the prairie rattlesnake, which, in its 
variation or races, extends westward throughout 
the Pacific region, and into the Southwest. 
Going south, in the eastern United States, there 
is another rattler from about the central portion 
of North Carolina. This is the diminutive pygmy 
rattlesnake. Slightly farther south is the range 
of the big southern diamond-back, which attains 
the greatest length of any rattlesnake, and is 
one of the most formidable vipers of the world. 
The Mississippi Valley forms the western 
boundary of this deadly species, its place being 
taken in Texas, thence westward to eastern 
California, by the big diamond-back of the arid 
regions—a close second in size, attaining a 
length of seven feet or more, with the same 
proportionately heavy body. Going westward 
into its habitat, we enter the headquarters of 
the rattlesnakes in the Southwest. 


At least four species of rattlesnakes are found 
in Texas, but the southwestern states have 
three times that number of distinct kinds. Most 
of them are confined to the desert areas. 


In this distribution of poisonous serpents in 
North America, two species of moccasins must 
be considered—the water moccasin and the 
copperhead snake (highland moccasin, pilot 
snake or chunkhead). These belong, as do the 
rattlers, to the family of pit vipers having a 
deep pit on each side of the head between the 
eye and the nostril. The water moccasin is 
common in the swamps and sluggish waterways 
of South Carolina, Georgia, Florida, Alabama 
and Louisiana—also portions of adjoining 
states. The distribution of the copperhead is 
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extensive. It ranges from southern Massachu- 
setts to northern Florida, westward to Oklahoma 
and Texas in the south, and to Illinois in the 
northerly portion. It will thus be understood 
that over the actual West, the only type of 
poisonous serpent is the rattlesnake (except for 
a coral snake in the Mexican boundary region). 

In the southeastern states, thence along the 
United States-Mexican boundary, there are two 
small poisonous serpents of brilliant coloration 
known as coral snakes. The common coral snake 
or harlequin snake occurs from southern North 
Carolina throughout Florida and westward to 
Texas. 


Coral Snakes: The species of Micrurus (for- 


merly Elaps) are different in form, col- 
oration and habits from all of the other 
New World poisonous serpents. They are 
slender, with smooth and glossy scales. The 


North American species are usually well under 
three feet in length. The head is not distinct 
from the neck. Coloration, throughout the 
genus, is brilliant and in the form of rings of 
red, yellow and black. These serpents are of 
burrowing habits, although occasionally found 
prowling. They are degenerate, New World 
representatives of the Elapidae, the family to 
which the cobras, krait, mamba and other ex- 
tremely dangerous Indian, African and Aus- 
tralian types belong. 


The bites of coral snakes are very dangerous, 
the venom being of neurotoxic action, quite 
different from that of the rattlesnakes and 
moccasins. 


The Coral Snake; Harlequin Snake; Bead 
Snake, Micrurus fulvius (Linné), (Figures 5 
and 8), lives much of the time in the ground. 
though it is sometimes seen in the fields during 
spring plowing. There are wide rings of crim- 
son and black, the latter narrowly bordered 
with yellow. Several small harmless serpents 
“imitate” the coloration to a remarkable degree. 
Close inspection, however, will show that with 
the non-venomous species, there are pairs of 
black rings bordering a yellow one, the reverse 
of the poisonous type. 


The coral snake feeds largely upon the young 
of other serpents and upon lizards. It does not 
strike. If stepped on or actually touched, it 
will turn and deliberately bite, retaining its 
hold. Accidents are infrequent, but fatal cases 
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from its bite have been reported. Its range is 
from South Carolina and Mississippi to Florida, 
the Gulf States, thence southward into Mexico 
and Central America. 

The Sonoran Coral Snake, Micrurus euryxan- 
thus (Kennicott), (Figure 9), is similar to the 
eastern species, but the black rings are propor- 
tionately narrower and the yellow marginal 
rings much wider. Its range is indicated as 
southern New Mexico, Arizona and northern 
Mexico. 


The Pit Vipers: The dominating poisonous 
of North America belong to the 
Crotalidae, a cosmopolitan family. The mem- 
bers are distinguished by a deep pit between 
the eye and the nostril. The eyes have elliptical 
pupils, and in North America, at least, these 
and the head pits serve as distinguishing points 
for identification, as practically all of the harm- 
less snakes have a round pupil. 


serpents 


The pit vipers are provided with a pair of 
long, erectile, poison-conducting fangs in the 
upper jaw (Figures 12 and 13). These fangs 
are hollow, and in structure like a hypodermic 
needle. They are attached to movable bones 
and fold back against the roof of the mouth 
when the jaws are closed. A membranous 
sheathing covers the fangs, except when they 
actually penetrate an object in the act of biting 
(Figure 14). Pit vipers coil and strike in de- 
fense, the blow terminating in a strike aided 
by an instantaneous bite. At the instant of 
biting, the muscle over each temporal poison 
gland is contracted, forcing venom forward and 
out of the hollow fangs. The dual wounds pro- 
duced are no more or less than hypodermic 
injections. The strike and bite are so simul- 
taneous that the reptile appears to instantly 
return to the former defensive position after 
the out-thrust of the head from a_ lateral, 
S-shaped loop of the neck. 


Three genera are represented in North Amer- 
ica: Agkistrodon (the moccasins); Sistrurus 
(the pygmy rattlesnakes); and Crotalus (the 
typical rattlesnakes). 


The Copperhead Snake; Chunkhead; Pilot; 
Rattlesnake Pilot; Highland Moccasin, Agkis- 
trodon mokasen Beauvois, (Figures 15 and 16). 
The body hue is pale brown, pinkish or light 
reddish brown, with a series of large blotches on 
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These 
are usually of a rich, chestnut brown. When 


the sides, somewhat like inverted “Y’’s. 


looked at from above, a number of the markings 
will be seen to unite across the back, producing 
a continuous pattern across the body, the central 
portion being narrow and broadening on each 
side, giving the outline of an hour-glass. Nu- 
merous specimens from Texas have very wide 
—consequently fewer—bands, most of them en- 
circling the back and not narrowed at the top, 
as with eastern specimens. 


The range is from central Massachusetts to 
northern Florida (not including the peninsula), 
westward to Illinois, thence southwest through 
Missouri and into Oklahoma and Texas. 


The Water Moccasin; Cotton-mouth Snake, 
Agkistrodon piscivorus (Lacépéde), (Figure 
17). The term “cotton-mouth” comes from the 
habit of opening the mouth in threatening 
fashion, the mouth parts being whitish. 


This is an aquatic serpent, living along 
streams, lakes, or in swamps. It is particularly 
abundant along the old abandoned rice ditches 
of the southern states, and is a much larger and 
more dangerous reptile than the copperhead, 
also considerably more pugnacious. It attains a 
length of six feet, but the average is three to 
four feet. The colors are dull brown or olive, 
crossed with darker, usually obscure bands. 
Young specimens are brightly marked with 
transverse blotches on a reddish ground. 


Distribution is from Virginia, throughout the 
state of Florida and westerly along the Gulf 
States into eastern Texas. Inland there is a 
northerly extension up the Mississippi Vailey 
to southern Illinois, Missouri and western 
Kentucky. 


The Massasauga, Sistrurus catenatus (Rafin- 
esque), (Figure 41). A small, brownish or 
grayish rattlesnake, with  chesnut-brown 
blotches on the back, and a similar row on 
each side. The species of Sistrurus, may be 
distinguished from members of the typical 
rattlesnake genus Crotalus, by the symmetrical 
plates on the top of the head. 


The Massasauga is from two to three feet 
long. Occurrence is from western New York, 
through Ohio to Nebraska, northward into 
Michigan and Ontario, and southward to Kan- 
sas. It often frequents swampy places. 
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Edward’s Massasauga, Sistrurus catenatus 
edwardsu (Baird & Girard) is a southerly sub- 
species, the blotches 
smaller. 


proportionately much 


The Pygmy Rattlesnake; “Ground” Rattler, 
Sistrurus miliarius (Linné), (Figure 40) is 
smaller, seldom more than sixteen to twenty 
inches long, the rattle so minute as to be 
scarcely heard. It is common from southern 
North Carolina throughout Florida and west- 
ward to Oklahoma and Texas. The body hue 
is grayish, with a series of rather widely sepa- 
rated, rounded blotches, and a reddish band 
along the back, this more vivid on the anterior 
portion. 


The Banded Rattlesnake; Timber Rattle- 
snake; Canebrake Rattlesnake, Crotalus hor- 
ridus Linné, (Figures 57 and 58), has the most 
extensive distribution of any poisonous serpent 
in North America with the exception of the 
prairie rattlesnake and its various races. It 
occurs from southern Maine to the easterly 
portion of the Great Plains, southward to 
northern Florida, and westerly into Arkansas 
and eastern Texas. 


While preferring mountainous areas, par- 
ticularly ledgy places, this serpent differs from 
some other rattlesnakes in exhibiting extreme 
versatility of living conditions. In New Jersey 
it inhabits not only the mountainous portions, 
but is found in the flat central portion, where 
it hibernates under layers of damp sphagnum 
moss. In the great swamps or canebrakes of 
the southeast and lower Mississippi, it grows 
to a larger size and assumes unique coloration 
—a pinkish body hue, sooty black markings and 
narrow dorsal stripe of rusty red. This varia- 
tion appears to indicate a distinct race, and 
may ultimately warrant a subspecific name. It 
is commonly known as the “canebrake’” rattle- 
snake. 


The typical coloration is yellow or tan, with 
wavy crossbands of dark brown or black. Many 
specimens are well suffused with black, and 
some are almost entirely black. 


The species is common in hilly portions of 
Massachusetts, New York, Connecticut, New 
Jersey, Pennsylvania, the Virginias, the Caro- 
linas, Kentucky and Tennessee—in fact, show- 
ing the greatest abundance in rocky areas on 
mountains, where it congregates at specific 
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crevices in ledges every year to hibernate. Its 
numbers are not being reduced. It has actually 
become more abundant during the past twenty- 
five years over portions of the east, particularly 
in New York, New Jersey and Pennsylvania. 


The average length is about four feet in the 
north, though the writer has measured six foot 
specimens. The canebrake rattlers of the south 
attain a length of eight feet, with proportion- 
ately smaller head and stouter body than 
northern specimens. 


There is less danger from this snake than 
from others of its genus, as it does not readily 
strike unless molested. Mountain specimens 
prefer to lie motionless, half tucked under 
shelving rocks, in the hope of being passed 
without detection, or, if noting danger, to be 
able to glide into a sheltering crevice. Dis- 
turbed in the open, the species usually sounds 
the rattle, while the intruder is still some dis- 
tance away. 


The Diamond-back Rattlesnake, Crotalus 
adamanteus, Beauvois, (Figure 45). This is 
the largest and most dangerous of the poisonous 
serpents of North America. Frequent specimens 
are six feet in length, and it attains a length 
of over eight feet, with proportionately heavy 
body. A six foot specimen will weigh about 
twelve pounds, have a head nearly three inches 
in width, and fangs three quarters of an inch 
long. The great amount of venom injected by 
such a creature may be surmised. 


This powerful reptile inhabits the coastal 
areas of the Southeast, showing a preference 
for prowling through scrub palmetto or low 
brush. It is frequently noted along the wilder 
sea beaches in Florida where it lurks in the 
extensive stretches of tangled brush but a short 
distance from the line of the higher tide wash. 
The writer has also observed it in the sand 
hammocks, where the gopher tortoise digs its 
burrows. It is not a swamp species, although 
it may frequent woods close to water and does 
not hesitate to swim across small bodies of 
water. In the coastal strips it crosses fair-sized 
tide pools and has been noted several miles 
from shore, where it has been accidentally car- 
ried by the currents. It is also found along the 
Keys. 

Pattern is bold and constant, in the form of 
a chain of symmetrical rhombs. When adult it 
feeds largely upon rabbits. 
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The Western Diamond Rattlesnake, Crotalus 
atrox Baird & Girard, (Figure 46), may be 
rated as the second most formidable serpent of 
North America, as to bulk and amount of poison 
expended at a bite, but it holds first rank in the 
number of fatalities in listing snake-bites, ow- 
ing to its great abundance over a wide area. 

Both this and the southeastern diamond-back 
are particularly dangerous in their tendency to 
quickly strike when accidentally approached. 
They are given to prowling over ground with 
little shelter. When disturbed their habit is to 
throw the body into a coil, sound the warning 
rattle and deliver a blow. If suddenly sur- 
prised, the warning and stroke may be almost 
simultaneous. 

Adult examples of the western diamond-back 
commonly attain a length of six feet, and there 
are occasional larger specimens, but the average 
run is smaller than the big southeastern species. 
The pattern shows a chain of symmetrical 
rhombs on a grayish ground. Examples from 
the sterile are pallid, with obscure 
rhombs, and vary from gray to yellow or 
pinkish. | 


areas 


The range embraces Texas and extends west- 
ward through New Mexico, Arizona and into 
California. Occurrence also covers a wide area 
in northern Mexico, with Lower California in- 
cluded. As to its extreme westerly occurrence, 
Klauber states: “The Colorado Desert in Calli- 
fornia; likewise northeastern Lower California 
and Tiburan Island.” 

The western diamond rattlesnake has several 
close allies, as follows: 

The Mojave Diamond Rattlesnake, Crotalus 
scutulatus (Kennicott), (Figure 48), recognized 
by the enlarged scales on the top of the head. 
It ranges from the arid Southwest into northern 
Mexico. 

The Diamond Rattlesnake, 
Crotalus lucasensis Van Denburgh, which is 
restricted to southern Lower California. 

The Tortuga Island Diamond Rattlesnake, 
Crotalus tortugensis Van Denburgh and Slevin, 
of Tortuga Island, Lower California. 

The Cedros Island Diamond Rattlesnake, 
Crotalus exsul Garman, which is reddish and 
apparently recorded only from Cedros Island, 
Lower California. 


The Red Diamond Rattlesnake, 


San Lucan 


Crotalus 
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ruber* (Cope), (Figure 47). This is distinctly 
reddish (usually of brick-like hue) with rather 
obscure and narrow rhomblike markings. It is a 
quite common and rather large species of limited 
distribution. The average adult is from four 
to five feet long, but it occasionally attains a 
length of six feet. Klauber defines its range as 
follows: “The narrow belt in California and 
Lower California west of the desert to the coast, 
from the north line of Riverside County in 
California to north central Lower California, 
but excluding the coastal plains of Los Angeles 
and Orange Counties. It occurs also on Cerros 
and certain Gulf of California Islands.”’ 


This powerful rattlesnake is at times curiously 
gentle, showing little excitement if disturbed, 
and no inclination to strike. It is sometimes 
dificult to induce it to rattle. Again, found 
wandering in the open, with no sheltering brush 
or crevices in which to retreat, it will quickly 
coil and assume a threatening attitude as if 
realizing this is the only hope of survival. It is 
a calm and quiet captive, seldom sounding the 
Tatble: 


The Black-tailed Rattlesnake, Crotalus molos- 
sus Baird & Girard, (Figure 44), indicates rela- 
tionship to the tropical rattlesnake of wide 
occurrence to the south, by its more than moder- 
ately high keeled scales, and its markings. It is 
a handsome reptile, with dark rhomboidal 
blotches edged with yellow and enclosing lighter 
patches. The tail is usually black. The general 
body hue is rich yellow—sometimes darker. 


It is fairly large, although restricted in size 
in some portions of its range, which in the 
United States is along the boundary region 
from Texas to Arizona. Southward in Mexico 
it appears to overlap the northern range of 
the tropical rattlesnake, Crotalus terrificus. 

The western rattlesnakes have recently re- 
ceived detailed studies which have resulted in 
some radical changes of long-standing names. 
These studies have been rendered possible 
from large series of specimens accumulating 
in the scientific institutions, affording extensive 
The most de- 
tailed investigations have been conducted by 


opportunities for comparison. 


Amaral and Klauber. The former presented a 


* Formerly easul, which name is now applied to the Cedros 
Island species. 
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provisional key to the rattlesnakes in a bulletin 
of the Antivenin Institute of America, in 1929. 
More recently, Klauber prepared a lengthy 
paper in the Transactions of the Zoological 
Society of San Diego and has given the writer 
advance details of very recent findings. These 
studies are listed in the bibliography at the 
end of this work. 


The more important findings relate to the 
relationship of the Pacific rattlesnake, long 
considered a valid species, to the prairie rattle- 
snake and the definite races or subspecies of 
the latter in the Southwest. Also the status of 
the tiger rattlesnake, showing it to be truly an 
Arizona and north Mexican species, and the 
so-called tiger rattlesnake of Nevada and desert 
California to actually represent southwesterly 
races of the prairie rattlesnake. Mitchell's 
rattlesnake (the white or pallid rattlesnake), 
long listed as a valid species, also becomes a 
subspecies of the prairie rattlesnake. 


The Prairie Rattlesnake, Crotalus confluen- 
tus confluentus Say, (Figure 49), and its races 
or subspecies has the widest range of any North 
American species of its genus. Its extension 
into Canada indicates that it ranges farther 
north than any other rattlesnake. The distribu- 
tion of the typical form covers the Great Plains 
from the longitude of eastern.Nebraska to the 
Rocky Mountains, extending southward to cen- 
tral Texas along the easterly range, and to the 
Mexican border to the westward. Extension 
northward is into Canada, at least to the fiftieth 
parallel. This snake appears to be abundant 
in the vicinity of Medicine Hat. 


yellowish to darker 
brown, with a symmetrical row of rounded and 
separated blotches on the back, these narrowly 
bordered with yellow or white, and a distinct 
V-shaped marking of light color on the large 
shield above each eye. | 


Usual coloration is 


Despite its poisonous nature, the prairie 
rattlesnake is undoubtedly of considerable eco- 
nomic importance over a great area, owing to 
it being one of the natural enemies of destruc- 
tive rodents. 

The Pacific Rattlesnake, Crotalus confluentus 
oreganus (Holbrook), (Figures 50 and 51). 
This is the common and only rattlesnake of the 
Pacific region north of southern California, and 
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represents a westerly race of the prairie rattle- 
snake, from which it differs in tendency toward 
darker markings, even to suffusion of black, 
and the edges of the blotches fusing in a rhomb- 
like chain. In southern California, its range 
overlaps most of the other California species 
except Crotalus atroz, in the area of the Colo- 
desert. It occurs over varied country, 
embracing the mountains up to altitudes of eight 
thousand feet, the sea coast levels, inland plains, 


It is as much at home on the 


rado 


and desert areas. 
sterile slopes of desert mountains as in regions 
of heavy timber. The range is from British 
Columbia southward through Washington, 
Oregon and California, and into Lower Cali- 
fornia. It also occurs on Santa Catalina and 
Los Coronados Islands. Eastward the habitat 
extends into Idaho, Nevada, Utah and Arizona, 


overlapping the typical form. 


While occasionally attaining a length of five 
feet, the average size is between three and 
four feet. There is a variation in pattern and 
hues, ranging from brown to grayish or 
greenish, with large dorsal blotches edged with 
a paler hue, these lighter margins in contact, 
to blackish specimens with no markings but 
the paler edges, indicating the dorsal blotches. 
Such specimens are sometimes called “diamond- 
backs.” 

In the northern portion of the range, this 
snake congregates in the fall at specific crevices 
in rocky ledges, in preparation to hibernate. 
Large numbers annually return to these places, 
which are the so-called snake dens. Such habits 
are similar to those of the prairie rattlesnake, 
along eroded river banks, and the timber rattle- 
snake on mountain ledges in the east. 

The following additional subspecies of con- 
fluentus have been recently named: 

The Great Basin Rattlesnake, Crotalus con- 
fluentus lutosus Klauber, (Figure 52). Found 
in the Plateau Region from the Rockies to the 
Sierras, including Utah, Nevada, northern Cali- 
fornia east of the Sierras, southeastern Oregon 
and southern Idaho. 

The Midget Faded Rattlesnake, Crotalus 
confluentus concolor (Woodbury). Recorded 
from Utah and Colorado. 

The Grand Canyon Rattlesnake, Crotalus 
confluentus abyssus Klauber, (Figure 53). A 
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form observed only in the Grand Canyon of 
the Colorado, in Arizona. Klauber states, “In 
the Grand Canyon occurs a peculiar phase of 
Crotalus confluentus, distinguished by its ver- 
milion or salmon coloration and an almost com- 
plete absence of markings in the adult.” 


The Panamint Rattlesnake, Crotalus conflu- 
entus stephensi Klauber, (Figure 54), has been 
thus far recorded from northwestern Esmeralda 
County, Nevada, and Round Valley, Mono 
County, California, southeasterly to Clark 
County, Nevada, and northern San Bernardino 
County, California. It appears that this snake 
has formerly been confused with Mitchell's 
rattlesnake—the white or bleached rattlesnake 
—(the subspecies following), but the sponsor 
for its subspecific name describes a difference 
in the arrangement of the head plates.* It has 
also been confused with the tiger rattlesnake, 
which appears to be confined to Arizona and 
northern Mexico, It is a rather pallid, desert 
form.} 

Mitchell’s Rattlesnake; White Rattlesnake; 
Bleached Rattlesnake, Crotalus confluentus 
mitchellti (Cope), (Figure 55), is a pallid 
variety, with obscure, transverse markings. Its 
length is from four to five feet. The keels of 
the body scales are quite high and rough, and 
there may be an indicated relationship here 
with the rattlers of Mexico, which would be 
diverse to the taxonomic arrangement. Some 
examples are almost white. The usual hues are 
yellowish, gray, or even pinkish. Desert moun- 
tain slopes, among rocks, scattered cacti and 
thorny bushes, are the usual lurking places. A 
coiled specimen resembles a big tuft of faded 
cotton among the rocks. j 


Distribution is from central Arizona to the 
base of the foothills on the western slope of 
the Coast Range in California, from northern 
Los Angeles County southward throughout the 
entire peninsula of Lower California; also on 
Santa Margarita and other islands in the Gulf 
of California. 


The 


Kennicott, 


Tiger Rattlesnake, Crotalus  tigris 


(Figure 56), receives its 


**Hrom mitchellii it differs in having the rostral generally 
in contact with the prenasal.’’ (Klauber). 

+ Full technical definition of this and other subspecies of 
Crotalus confluentus are presented in the Transactions of 
the San Diego Society of Natural History, Vol. VI, No. 3, 
pp. 95-144, plates 9-12, with map. 
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from the tawny body hue, with darker mark- 
ings of ring-like pattern. It inhabits the deserts 
of Arizona and northern Mexico, preferring 
the higher slopes, among the rocks. 


The Lower California Rattlesnake, Crotalus 
enyo (Cope), occurs in Lower California. The 
anterior markings are transversely rhomb-like, 
becoming narrower, or band-like on the pos- 
terior portion. It appears to be confined to the 
southerly portion, of Lower California. 

The Horned Rattlesnake; “Sidewinder,” 
Crotalus cerastes Hollowell, (Figures 61 and 
62). A strictly desert species of small size and 
pallid hues, occurring in southern California, 
Nevada, Arizona and portions of southwestern 
Utah. The large scale above each eye is de- 
veloped into an upright horn. Living on dry 
and yielding sand, this snake progresses by 
throwing lateral loops of the body forward, 
causing it to move off at an oblique angle to 
the direction in which the head is pointing, and ~ 
with such a degree of agility as to appear 
grotesque and warrant the name “Sidewinder.” 

The Spotted Rattlesnake,* Crotalus triser- 
iatus (Wagler), (Figure 59). A small grayish 
species, with rows of spots extending length- 
wise, but fusing into cross bands on the tail. 
It is reported as rare and occurs in the moun- 
tains of southern Arizona and northern Mexico. 


The Green Rattlesnake, Crotalus lepidus 
(Kennicott), (Figure 60). Another small 
species, seldom exceeding twenty-four inches 
and readily distinguished by its greenish or 
greenish-gray hue, marked by widely separated 
and narrow rings of black. Always regarded 
as of rare occurrence, although the range ex- 
tends along the region of the Mexican boundary, 
from Eagle Pass on the Rio Grande, westward 
through New Mexico and Arizona. Its distribu- 
tion into Mexico is not definitely known. 

Willard’s Rattlesnake, Crotalus 
Meek. Apparently the smallest rattlesnake, 
and of rare occurrence. The length appears to 
be not more than fifteen inches. It is recorded 
from Arizona and northern Mexico. Two 
parallel white stripes, one on the lip and the 
other extending from the snout thence beneath 
the eye and to the lower and rear portion of the 
jaw, are characteristic. 


willardi 


* Formerly designated as pricéi. 
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The Mexican and Central American Species 


A radical change in the species of poisonous 
serpents take place south of the arid portion 
of Mexico. The rattlesnakes abruptly give way 
and serpents of the genus Bothrops, typical of 
the American tropics, appear. ‘The reptilian 
fauna of the Central American countries and 
South America is quite similar, although a num- 
ber of species occurring in the latter are char- 
acteristic to the more southerly countries, and 
the great bushmaster is found only in the 
southerly portion of the Central American area, 
whence it ranges southward through the South 
American tropics. The prevailing and most 
widely distributed poisonous species are the 
rattlesnake now restricted to a single species 
and on high ground, and the fer-de-lance or 
barba amarilla, Bothrops atroz, in the low, 
coastal areas. Coral snakes are common in the 
humid forests. A poisonous sea snake occurs in 
the bays and off the western coasts of Central 


America. 


Marine Serpents: The curious members of 
the Hydrophidae or sea snakes may be recog- 
nized by the vertically compressed or paddle- 
like tail. There are many species which abound 
in the Indian Ocean and the western tropical 
Pacific. A single kind, however, occurs in 
waters of the New World—off the west coast 
of Mexico, Central America and northern South 
America. All of the marine serpents are very 
poisonous and appear to be highly specialized 
allies of the Elapine group. 

The Yellow-bellied Sea Snake, Pelamydrus 
platurus (Linné), may be recognized by its 
rather eel-like form, with quite long head, the 
body compressed and covered above and_ be- 
neath with small, round scales. Coloration is 
vivid and unusual. The upper half of the body 
is black or dark brown, the lower half yellow, 
demarkation being very apparent while the 
creature is swimming, particularly if seen from 
the side. Length is seldom over three feet. It 
is extensively distributed through the tropical 
Pacific, and into the Indian Ocean, and often 
observed in the Bay of Panama and off Punta 
Arena, Costa Rica, where it may be watched 


for from steamers clearing the Panama Canal 
for west coast ports, north or south. It also | 
occurs in the lower Gulf of California. 


The Coral Snakes: The genus 
(Elaps), despite the brilliant coloration of its 
members, is at best a monotonous one, and to 
list the Central American species would produce 
a repetition not particularly helpful. A typical 
Central American species has been selected for 
photographic illustration together with a series 
of drawings to show the varying widths of the 
red bands and the ratio of black to yellow rings 
among these serpents. The coral snakes of the 
tropics attain a considerably larger size than 
those occurring in the United States. Some 
examples attain a length of nearly four feet, 
and while they seldom strike, will immediately 
bite if stepped on. An unfortunate victim in 
bare feet may find the reptile imbedding its 
short fangs and retaining its hold. Such bites 
of the larger species are usually fatal. 

In Mexico the common name for these rep- 
tiles is “coralilla” and in Central America 
“gargantilla,’ the latter meaning a necklace 
and relating to the similarity of the patterns 
of these serpents to beads strung in color de- 
signs. At least eight species appear to occur in 
Mexican and Central American areas, among 
these being Micrurus fulvius, ranging southward 
from the United States—but with proportion- 
ately wider red rings, M. mipartitus and M. 
nigrocinctus. The latter is commonly seen from 
Guatemala to Panama and is shown in a photo- 
graph from life—(Figure 7). 

The Viperine Snakes: The Tropical Water 
Moceasin; ‘“Cantil,’ Agkistrodon 
Gunther, (Figure 18). This water moccasin 
is far more dangerous than the species of the 
North. It is savage, extremely quick, and in- 
clined to instantly strike. 


Micrurus 


bilineatus 


Its poison has a 
higher toxicity than its northern ally. 


' The large, symmetrical shields on the top of 
the head immediately distinguish it as a typical 
moccasin, and offer a point of differentiation 
from the vipers of the genus Bothrops. It is 
boldly marked, in decorative pattern, as if 
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embellished with touches of white enamel, and 
seems to be a smaller species than that of the 
United States. The writer has noted no speci- 
men over four feet in length. This moccasin 
should be looked for in swamps and in the 
marginal vegetation of streams. 


Records indicate that it is confined to south- 
ern Mexico and the northerly part of the Cen- 
tral American tropics. Listings record it from 
Tres Island, Colima, Guadalajara, 
Tehuantepec and Yucatan, also the Pacific coast 
of Guatemala. 
Belize in British Honduras, but in a careful 
search of swamps and waterways in the Re- 
public of Honduras failed to find it, nor had 
Douglas March in his field work found it that 
far south. 


Marias 


The writer heard of it near 


The Palm Vipers: This is a group of quite 
slender, rather small species—seldom over a 
yard in length. They are arboreal, have a par- 
ticularly wide head and all are characterized 
by a prehensile tail, which as a rule is kept 
promiscuously twisted about some projection. 
Approximately six species are listed as occur- 
ring in the southern Mexican and Central 
American area. 


Schlegel’s Palm Viper; the Horned Palm 
Viper; the Eyelash Viper; “Bocaraca”’; “To- 
boba de pestana,’ Bothrops schlegelii (Ber- 
thold), (Figure 21), is distinct by the 
development of several small scales between the 
eye and the large plate above it. Two or three 
of these scales are directed upward to form 
spiny horns. There are two color phases. One 
is greenish or olive, speckled with black and 
red; the other, equally common, is yellow, often 
of pale lemon hue, speckled with black. The 
yellow examples are known as “Orapel.” 


Prospectors should be wary about going 
through thick, bushy places. These arboreal 
vipers are not readily detected, as they blend 
with surroundings. Under such conditions men 
have been bitten on the hands and face. A trail 
gang, cutting through the jungle in the Re- 
public of Honduras had such accidents, several 
of them terminating fatally. While these snakes 
are small, the proportionately large head and 
long fangs, together with a highly toxic venom, 
render them very dangerous. Range of the 
horned or eyelash viper includes Guatemala, 
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south through Central America and well into 
South America. 


The Mexican Palm Viper, Bothrops undulatus 
(Jan), also has a horn-like development over 
the eye, but this is produced by a single up- 
turned scale. This snake is olive or brown, with 
large, rhomb-like spots, sometimes connected 
to form a zig-zag band. Recorded from Mexico 
—QOmilteme in Guerrero, Orizaba, Vera Cruz, 
Actopam and Oaxaca. It probably ranges into 
Guatemala. 


The Green Palm Viper, Bothrops bicolor 
Bocourt, is uniform leaf green above and 
yellow beneath and recorded from western 
Guatemala. 


The Yellow-lined Palm Viper, Bothrops 
lateralis (Peters), is green above and beneath, 
with a yellow line along each side. Some speci- 
mens have yellow and dark cross bands on the 
back. It is found in Costa Rica. 


The Black Spotted Palm Viper, Bothrops 
nigroviridis (Peters), illustrates how obser- 
vation extends the knowledge of a species. This 
snake was for a long time listed as occurring 
in Panama and Costa Rica. Through the field 
studies of Douglas March, in charge of the 
Serpentarium at Tela, Honduras, the species 
was found to be well represented in that coun- 
try. This serpent is green, with black spots or 
speckled markings. 

March’s Palm Viper, Bothrops nigroviridis 
marchi Barbour, (Figures 19 and 20). The 
form discovered in fair abundance in Honduras 
by Mr. March, represents a subspecies based 
upon scalation. The markings are similar to 
the typical form. 


The Yellow-spotted Palm Viper, Bothrops 
nigroviridis aurifera (Salvin), occurs in Guate- 
mala. It is green above and greenish yellow 
beneath, with scattered yellow spots. 


Amaral notes the following about another 
palm viper, Bothrops leptura, occurring in 
Panama thence into northern South America: 
“Seems to be very poisonous, as its fangs occupy 
half or more the length of the mouth and its 
venom glands are quite long and thick.” 

The Hog-nosed Vipers: Three small species 
fall within this definition. The snout is sharply 
upturned with one, moderately so with a second, 
and pointed but not actually upturned with the 
other. These snakes in Central America are 
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usually called “Chatilla” or “Tamaga.” They 
occur over varied terrain, covering the greater 
portion of Central America and southerly Mex- 
ico. The genus ranges into South America. 


The Nose-horned Viper, Bothrops nasuta 
Bocourt, (Figure 22), occurs in humid wood- 
lands of eastern Central America, thence south- 
ward into Colombia and Ecuador. The snout 
bears an upturned proboscis-like appendage. 
Coloration is brown, with thirteen to twenty 
small black markings on each side of the back, 
these usually in alternation and separated by a 
pale line. Length is seldom beyond twenty-four 
inches. 


Landsberg’s Hog-nosed Viper, Bothrops 
lansbergii (Schlegel). The snout is carried 
forward to a sharp point slightly upturned. 
Coloration is brown, with a double row of 
darker markings on the back, generally sepa- 
rated by a paler line and often united to form 
a zig-zag chain. The length is usually under 
twenty-four inches. Occurrence is largely con- 
fined to the drier areas from southern Mexico, 
through Central America and into northwestern 
South America. 


The Western Hog-nosed Viper, Bothrops 
ophryomegas Bocourt. The snout is sharp, 
but not upturned. The markings are similar to 
the two preceding species, but there is a greater 
number of the dorsal blotches—twenty-six to 
forty. This little viper inhabits the arid dis- 
tricts of western Central America from Guate- 
mala to Costa Rica. 

Other Species: 


Godman’s Viper, Bothrops godmani (Giin- 
ther), (Figure 23). A small and rather stout 
Species of brown or gray, inclined towards ob- 
scure markings, although some examples have 
a dorsal series of large, dark rhomb-like spots, 
arranged in zig-zag outline. Occasional speci- 
mens are quite vivid, somewhat like the North 
American copperhead. Average length is under 
twenty-four inches. Distribution appears to be 
limited to Honduras and Guatemala; possibly 
southern Mexico. 

The Jumping Viper; “Mano de piedro’’; or 
“Timba,” Bothrops nummifera (Ripp), (Fig- 
ures 24 and 25). This snake seldom reaches 
three feet, and averages closer to two feet, but 
it stands out among the Bothrops species in 
having the proportionately stoutest body and 
largest head. The thick-set body is as in- 
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congruously heavy as the grotesque vipers of 
Africa. Its scales are also peculiar, being ex- 
ceedingly rough, like those of the bushmaster. 
Mutilated specimens have led a few observers 
to the supposition that they had found young 
bushmasters in areas north of the actual range 
of that imposing species. 

This snake receives its native name of “Mano 
de piedro” from its resemblance in form to a 
native implement used in the crushing of corn 
for tortillas. It is particularly savage, and in 
striking can make a short jump. This habit 
also exists with the irritable little hog-nosed 
vipers. The tales relating to the jumping of 
the “Mano de piedro” have been exaggerated, 
but specimens observed by the writer made a 
striking jump and slide that carried the serpent 
a full two feet forward. In striking from the 
side of a log or from a bank, where there is 
good purchase to lurch its coils, it may be able 
to jump as much as a yard. At any rate, a 
snake impelling itself bodily forward is start- 
ling, to say the least, and conducive to specula- 
tion and native exaggeration. 


The fangs are proportionately short, and 
strangely enough, with all the native fear of 
reptiles and the branding of many harmless 
species as poisonous, this snake is but little 
dreaded, being declared harmless in some areas. 
The venom has a hemolytic action, and is of 
lower toxicity than other species of Bothrops. 


The body is gray or brown, with dark, black- 
edged, rhomb-like blotches, in a way, rather 
similar to the bushmaster, hence another reason 
for this species being sometimes mistaken for 
young specimens of the former. Distribution is 
broad, from Mexico as far north as Tuxpan, 
south through Central America to and including 
Costa Rica, and probably northern Panama. 


Barba Amarilla; Fer-de-lance; “Tommy goff,”’ 
Bothrops atrox* (Linné), (Figures 30 and 31). 
How the name “fer-de-lance’’ came to such 
broad use among English speaking observers, 
when it originated among the Creole-French in 
a couple of small islands of the West Indies— 
Martinique and St. Lucia—may be explained 
by the fact that this dangerous viper became 
famous—or infamous—on those islands in par- 
ticular, owing to their proportionately generous 
human population and the former abundance 
of this poisonous serpent. There has been much 


* B. lanceolatus is now a synonym. 
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dramatic writing about this snake. It has 
figured in romantic tales of the islands, where 
there is a legend that it was imported to induce 
slaves to remain upon the plantations and make 
no attempts to escape or hide. The fer-de-lance 
is now rather rare upon these islands—al- 
though very common in Central and South 
America. 


Among the native residents in the New 
World tropics, the term fer-de-lance is confined 
to those small islands. The Spanish-speaking 
residents of Central America appear to have 
never heard the term. In Spanish-America the 
name commonly used for this reptile is “Barba 
Amarilla,’ meaning the yellow-beard, and 
coming from the chin and throat being 
yellowish. 


During the construction of the Panama 
Canal, these snakes were frequently encountered 
and the workers, hearing the Spanish term of 
“tommygoff,’ meaning nothing more or less 
than “snake,” but not realizing its simple defini- 
tion, felt it indicated something terse in the 
way of reptiles and applied the term to this 
viper—so that the appellation has become 
common in the region of the Canal. 


The length is up to slightly over eight feet, 
though in some areas it runs much smaller— 
three to four feet. Coloration is variable, from 
gray to olive, brown, or even reddish, with 
dark, light-edged cross-bands or triangles, the 
apex of these extending to the center of the 
back. The form is moderately slender, with 
very distinct, lance-shaped head. Distribution 
is very extensive, beginning in southern Mexico, 
including the low-lying coastal areas of Central 
America, and the greater portion of South 
America, east of the Andes, except in elevated 
regions. 

This is the most commonly observed poison- 
ous snake of the Central American tropics, and 
one reason for its abundance is its large litters 
of young. The litters of three Honduran speci- 
mens were sixty-four, sixty-five and seventy-one 
—(Figure 38). The young produced by a six- 
foot mother were twelve inches in length. They 
are born fully provided with fangs. 


The effects of the poison are dramatically 
sinister and rapid, the action being largely 
hemolytic, destroying the red blood cells and 
breaking down the walls of the carrying ves- 
sels, which produces great extravasation. This 
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is evident from the reddening of the eyes, dis- 
charge of blood from the stomach and mucous 
walls of the throat and mouth, the same condi- 
tions developing through the kidneys and 
bladder. The tissue about the wound is prac- 
tically dissolved by rapid necrosis and gan- 
grene. These effects are, however, efficaciously 
neutralized by serum produced by the several 
research laboratories in the tropics. 


Serpents of this type are liable to be more 
abundant near slovenly human settlements than 
in the wilder areas, as they are attracted to 
such places by the rats and mice which accu- 
mulate in areas of ramshackle buildings and 
trash heaps. 


The Bushmaster; “La Cascabela Muda” (the 
mute rattler), Lachesis muta (Linné), (Fig- 
ures 1 and 39). This is the world’s largest 
viper, but nowhere over its habitat, from 
southern Central America through tropical 
South America, does it appear to be abundant. 
It is more frequently found in Costa Rica and 
Panama than in the continental area to the 
south. Distribution extends into Nicaragua, but 
further observation must define just how far 
north it occurs. The writer was unable to locate 
records from Honduras, which thus appears to 
be too far north to be included in the distribu- 
tion. | 

The bushmaster grows to be twelve feet 
long. These very large specimens are, however, 
particularly rare. ‘Two adults in the writer’s 
possession were eight and nine feet, respec- 
tively. They both deposited perfectly formed © 
eggs, indicating full maturity. It is the only 
American viper which lays eggs, all the others 
producing living young. Reports of the largest 
specimens come from southern Costa Rica, 
Panama, or extreme northerly South America. 
This great crotaline serpent is of moderately 
slender build. A nine foot specimen shows no 
more bulk, when coiled, than a Texas or Florida 
rattlesnake slightly over five feet long. 


Coloration is vivid. The body hue is pale 
brown, often pinkish. A series of large and 
bold, dark brown or black blotches extend along 
the body. These are wide on the back and 
abruptly narrow on the sides. The pattern is 
the reverse of the fer-de-lance, on which the 
blotches are narrow on the back, widening on 
the sides. 


The bushmaster is a bold and in habits a 
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particularly dangerous snake, inclined to de- 
liberately edge towards the intruder, bringing 
the lateral, S-shaped, striking loop to nearer 
and better advantage. Its excessive length of 
fangs and great amount of poison render a well 
delivered stroke of the utmost gravity. It often 
warns of its presence by rapidly vibrating the 
tail, as do a number of the other tropical vipers, 
but the vibration of the bushmaster’s tail is as 
rapid as the specifically provided warning tail 
of the rattlesnake. The tail of the bushmaster, 
among leaves, produces quite a loud, buzzing 
sound. 


Deducting observations and records of cap- 
tured examples, it seems that this snake prefers 
higher and drier ground than the fer-de-lance. 
Dr. Herbert C. Clark, Director of the Gorgas 
Memorial Laboratory, showed the writer two 
fair-sized specimens which had been killed on 
the Alajuela Cut, not far from the Canal Zone, 
by the construction gangs working on the new 
damming project to provide more water for 
Gatun Lake. | 

The Tropical Rattlesnake; ‘“Cascabel,”’ 
Crotalus terrificus Linné, (Figure 42), is the 
most poisonous of the rattlers, as well as the 
most savage. The venom differs from northern 
rattlesnakes and other New World vipers, in 
having a largely neurotoxic action, and is nearly 
colorless. It may be regarded as the most 
strongly toxic among the New World vipers, 
except that of the unique and isolated island 
viper, Bothrops insularis, found off the coast 
of Brazil. It is only by the considerably 
greater amount of venom discharged at a bite 
that the bushmaster may be rated as more dan- 
gerous than the rattlesnake. 


This rattlesnake of the tropics has the wid- 
est range of any species of Crotalus. It occurs 
from central Mexico to northern Argentina. 
Moreover, it appears to be the only distinct 
species of Crotalus occurring over this wide 
area, with the exception of several essentially 
Mexican species—the Mexican Blotched Rat- 
tlesnake, Crotalus polystictus Cope, and Stej- 
neger’s Rattlesnake, Crotalus stejnegeri 
Dunn, the range of both in western and cen- 
tral Mexico. Stejnegeri is remarkable in hav- 
ing a tail proportionately much longer than 
other rattlesnakes. 


The pattern of the tropical rattlesnakes is 
of the “diamond-back”’ design. In the arid areas 
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of central and western Mexico, the rhombs are 


continued to the head. This is the subspecies 


From southeastern Mexico into 
northern South America, there are elongate 
bands on the neck, this form defined as the sub- 
species durissus (Figure 42). 

Like the bushmaster, the ‘“Cascabel’’ will 
slowly work its way towards an intruder, even 
deliberately glide forward to attack, carrying 
the neck in a lateral, S-shaped loop, in readi- 
ness to strike. The action is not a hostile rush, 
but an insolent and actual advance. While the 
rattle is heavily developed, the species is par- 
ticularly dangerous in infrequently using it. It 
sometimes assumes a dramatic coil, with rattle 
buzzing steadily, but more often gives no more 
warning than a few quick side flings of the rat- 
tle, producing single harsh clicks. This is a 
sound well worthy of recognition in the higher 
ground of the tropics, as it may be immediately 
followed by the serpent’s stroke—with no fur- 
ther warning. 


basiliscus. 


The effects of the largely neurotoxic venom 
is described by March: “There is little or no 
bleeding from Cascabel bites; but death is pre- 
ceded by blindness, paralysis and _ suffoca- 
tion. . . . I believe that the idea holds over 
much of the range of the Cascabel that a bite 
will break a man’s neck, regardless of the part 
of the body bitten. This is probably due to 
some selective action of the venom which 
causes complete paralysis of the neck. The 
man’s head may, if he be held in a sitting 
position, slump forward on his chest, roll from 
side to side, or backward, in such a loosely con- 
nected way that the native cannot explain the 
condition as other than a broken neck.” : 

Rattlesnakes in the Central American tropics 
frequent the higher, drier areas and thus their 
distribution but slightly overlaps that of the 
barba «amarilla (fer-de-lance): They are 
abundant on the unwooded slopes of mountains 
back from the coast of Guatemala, Honduras, 
Nicaragua, and Costa Rica, or where the in- 
terior country may run into grassland or actual- 
ly sterile areas. They are reported'as particu- 
larly common ‘in the mining areas, and a specific 
serum for their venom has been produced. 

Length is up to six.and seven feet. The body 
is heavy and inclined to ridge at the back. The 
head is proportionately small for such a power- 
ful serpent, 
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The South American Species 


The great continental area extending from 
approximately north latitude ten, past the 
equator to south latitude equivalent to the north 
of Newfoundland in the northern hemisphere, 
shows as distinct development in its reptile 
fauna as North America. The tropical por- 
tion is an area of great abundance of species of 
Bothrops, the genus of the lancehead vipers, 
and also of the coral snakes. Approximately 
fifteen species of the former occur, a dozen of 
which are essentially South American. At least 
one species of prehensile-tailed and arboreal 
Bothrops, or palm viper, is altogether South 
American and about twenty species of the coral 
snakes are indigenous. 


It is important to mention that a number of 
the rear-fanged Colubrine snakes attain fair 
size in the American tropics. The fangs of 
some are quite long, and the bites of such rep- 
tiles might be distinctly poisonous. The New 
World rear-fanged serpents, however, have 
never been included among the dangerous rep- 
tiles. They seldom or never strike at an in- 
truder with intent to use the fangs, which could 
be engaged only if the snake was to deliberately 
advance its jaws in the “chewing” motion of 
serpents utilized in holding or swallowing the 
prey. The toxicity of their venoms, moreover, 
is considerably lower than that of vipers and 
coral snakes. It is utilized in benumbing the 
prey, which consists largely of frogs and lizards. 
Fatalities from such serpent bites are practi- 
cally unknown in the New World, but the larger 
members of the group should be regarded with 
caution. Some of them are known as “tree 
snakes” or “bush snakes,” and have a lumpy, 
angular head, the eye with elliptical pupil. Ow- 
ing to the lack of actual danger from this 
group, the absence of noted accidents, and the 
possibility of confusion by introducing repre- 
sentatives of its generous numbers among rep- 
tiles which deliberately employ highly per- 
fected fangs, the rear-fanged, or opisthoglyph 
serpents are passed without further detail. 

The Coral Snakes: Twenty-eight species of 
Micrurus have been scientifically listed. About 
twenty are indicated as being indigenous to 
South America. At least twelve species occur 


to that country. 


ringed patterns to those of Micrurus. 


in Brazil, but few being actually indigenous 
Several are confined to the 
area north of the equator. Thus the coral 
snakes may be said to have their headquarters 
in equatorial America. 


The tendency of several harmless snakes to 
ce O Oo 99 e e ° 
mimic’ the dangerous species of Micrurus is 
more pronounced in South America than in Cen- 
tral America. Several of these non-venomous 


“jmitators” are startling in their similarity to 


the poisonous species, as the South American 
coral snakes run to a greater variation in the 
width of the rings, and black on the outside of 
the yellow rings. (Note Figure 6.) This makes 
it particularly difficult to offer any fixed formula 
of gross differentiation in pattern to distinguish 
the inoffensive from the dangerous kinds. Some 
species of the innocuous genera Pseudoboa 
(Figure 10) and Erythrolamprus (Figure 11) 
are remarkable in their similarity of colors and 
As rep- 
resentative examples of South American coral 
snakes, the following are selected: 


Micrurus corallinus (Wied), (Figure 3), of 
the Lesser Antilles and tropical South America; 
Micrurus frontalis (Dumeril & Bibron), (Fig- 
ure 4), of southern Brazil, Uruguay, Paraguay 
and Argentina, and Micrurus lemniscatus 
(Linné), (Figure 2), of the Guianas and Bra- 
zil. Here are examples of the differences 
among the species as to the ratio of yellow, red 
and black rings, the width and arrangement of 
the latter being particularly important. With 
corallinus the tendency is toward single black 
rings, narrowly margined with yellow or dull 
white; with frontalis there is black outside of 
the yellow rings (which are _ considerably 
broader), thus producing actually three black 
annuli; and with lemniscatus this is particu- 
larly pronounced, the yellow and black rings 
being so wide as to encroach upon and reduce 
the red, so typical of coral snake coloration. 
A length of four feet is not rare. These rep- 
tiles should be regarded as highly dangerous. 

The South American Vipers: The resumé of 
the pit vipers of the South American continent 
is condensed, with the suggestion that the 
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reader employ cross-reference to the detailed 
descriptions already given under Central Amer- 
ica, of species occurring in both countries. The 
palm vipers or prehensile-tailed members of 
Bothrops are more numerously represented as 
to species in Central America, although at 
least one is indigenous to South America and 
two others occur in the northern portion. 


The Green Palm Viper, Bothrops bilineatus 
(Wied), is leaf-green above, uniform or speck- 
led with black. A yellow line or series of 
spots run along the outer row of scales. The 
range is essentially northern, or approximately 
north of south latitude fifteen, including Bra- 
zil, Bolivia, eastern Peru and Ecuador. ‘The 
native name is “Surucucu patiabo.” 


Schlegel’s Palm Viper, Bothrops schlegelii 
(Berthold), (Figure 21), has already been de- 
scribed in the Central American fauna. Both 
the olive and yellow phases occur in South 
America. There are records from Colombia 
and Ecuador. It probably ranges into western 
Venezuela and northwesterly Brazil. 


Bothrops leptura, another prehensile-tailed 
species, is recorded from western Colombia. It 
also occurs in Panama. 


The hog-nosed vipers are represented in 
the northerly portion of South America by 
Bothrops lansbergii (Schlegel), so commonly 
found in the Central American tropics. The 
range is into Colombia, Venezuela and northern 
Brazil. Regarding its occurrence in Colombia, 
Amaral writes: “The ‘Fer-de-lance’ (B. atroz) 
which is the main problem in the plantations 
in Central America, seems to be comparatively 
uncommon in Santa Marta, its place being taken 
by another venomous species seldom found 
elsewhere but surprisingly common in the Santa 
Marta district. This is the dry-land Hog-nosed 
Viper (Bothrops lansbergii), which constitutes 
about 50 per cent of the Rio Frio catch. This 
species has been found among leaves in dry 
forests and also under bushes, dead trees, etc., 
so that it is anticipated that with the progress- 
ive clearing of the jungle, it will probably in- 
vade the banana plantations and may become 
dangerous to the laborers in that section.” 

The Island Tree Viper, Bothrops insularis 
(Amaral), (Figure 27). Unique in its genus in 
appearing to be confined to a small island com- 
posed of steep, rocky slopes, with separated 
patches of tropical vegetation. This island has 
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barely three-quarters of a square mile of sur- 
face. It is known as Queimada Grande and 
situated on the coast of the State of Sao Paulo, 
about forty miles southwest of the Bay of 
Santos. 

This curious viper is pale brown, with rather 
widely separated cross bands. Adult length is 
between three and four feet. | 


There are many birds on the island, some 
of them possibly resting there during incidental 
migrations from outjutting points of the main- 
land or the other islands in the vicinity. Hence 
these snakes, which occur in abundance, have 
plenty of food, and appear to feed, when adult, 
upon nothing but birds, for the immediate kill- 
ing of which they have developed a particularly 
powerful venom. Experiments have demon- 
strated that this isolated viper has the most 
highly toxic venom of any species of its genus. 


Bothrops insularis is not immediately re- 
lated to the palm vipers, although it is arboreal 
and has a partially prehensile tail. It seems to 
be more closely allied to the terrestrial species 
of Bothrops, and among them, the following 
may be listed to indicate the extent of the 
genus: 

Bothrops pulcher (Peters), of the Andes of 
Ecuador; Bothrops micropthalmus Cope, of 
Peru and Ecuador; Bothrops pictus (‘Tschudi), 
of Peru; Bothrops xanthogrammus (Cope), of 
the mountains of Colombia and Ecuador; 
Bothrops cotiara (Gomes), of Brazil; and 
Bothrops castelnaudi Dumeril & Bibron, of 
Brazil, Ecuador and eastern Peru. The dis- 
tribution of these species will probably be 
found to include broader areas as further stud- 
ies develop of South American herpetology. 
Bothrops ammodytoides Leybold, seems to be 
the most southerly species and confined to the- 
pampas of the Argentine and northeastern 
Patagonia. It is small, with a wart-like pro- 
tuberance upturned on the snout. 


Continuing the list, is a series illustrated bv 
photographs from life. As they range through 
country where the language is largely Portu- 
guese or Spanish, the matter of “common” or 
“popular” names has been guided by designa- 
tion in the native language where they common- 
ly occur, with occasional digressions with 
species of particular prominence. 

Bothrops itapetiningae (Boulenger) is 
known in Brazil as “Boipeva’ and “Coti- 
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arinha.” It is rather small, of ruddy brown, 
with a series of dorsal patches which may fuse 
with similar blotches on the sides. It is of 
rather scant occurrence and comparatively re- 
stricted distribution. (Figure 26). 

Maximilian’s Viper; “Jararaca”’; “Urutu’; 
“Jararaca do rabo branco,”’ Bothrops neuwiedii 
(Wagler), (Figures 28 and 29), is a fair-sized 
species, which, in Brazil, is one of the most 
widespread of the pit vipers, occurring in all 
of the northeastern, Central, southeastern and 
southern states. It also extends into Argentina 
and northern Paraguay. It shows considerable 
variation in markings and Amaral has named 
several subspecies. The general coloration is 
olive or brown, with a double row of dark, 
triangular markings along the back, these being 
in alternation, or sometimes fused. At the base 
of each triangle on the sides are two spots of 
similar color. 

The most handsomely marked member of the 
genus is a large species commonly known as 
“Urutu,” Bothrops alternatus Dumeril & Bib- 
ron, (Figure 37), attaining a length of five feet, 
quite heavy of body, and characteristic in the 
deep brown chocolate crescents on the sides, 
these vividly edged with yellow or white. ‘This 
attractively-patterned species occurs in souther- 
ly Brazil, Paraguay, Argentina and Uruguay. 

There are two rather similar species called 
the Jararaca (fer-de-lance), and their distribu- 
tion may be thus defined: 

Bothrops atrox (Linné), (Figures 30 and 
31), the “barba amarilla” of Central America, 
“fer-de-lance”’ in Martinique and St. Lucia, 
and the “Barcin” and Mapepiré balsayn in To- 
bago and Trinidad, occurs abundantly in Ven- 
Colombia, Ecuador, easterly Peru, 
Bolivia, the Guianas and southward in Brazil, 
to approximately latitude 23°s. 

Bothrops jararaca (Wied), also called the 


Jararaca, commonly occurs in Brazil, from 


ezuela, 
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about south latitude 10° to northern Argentina 
and northeastern Paraguay. 


The Jararacucu, Bothrops jararacussu La- 
cerda, (Figures 33, 34, 35 and 36), is propor- 
tionately thicker-bodied, with a bigger head 
than. the former. Its markings are likewise 
different. The paler outline markings of the 
blotches dominate the pattern, and there is a 
greater amount of the lighter colors on the 
sides. This is a quick and savage snake, and 
its big head, with excessive length of fangs, 
renders it extremely dangerous. 
largely confined to Brazil. 


The range is 


The Bushmaster, “Surucucu,” or “Mapepiré 
Z’Ananna”’ in Trinidad, Lachesis muta (Linné), 
(Figures 1 and 39), already considered in de- 
tail under the Central American section of this 
article, ranges over a considerable portion of 
tropical South America, including the northern 
states of Brazil, but is nowhere common. It 
may be immediately distinguished by its ex- 
ceedingly rough body scales and the smooth 
plates under the tail being replaced at the end 
by small scales and a stout, sharp spine. 


The Tropical Rattlesnake, Crotalus terrifi- 
cus terrificus (Laurenti), (Figure 43), has 
been treated in detail under Mexico and 
Central America, where its northerly races in- 
dicate two distinct subspecies. Of these, 
durissus ranges into Venezuela and Colombia. 
In the Portuguese speaking countries it is 
known as “Cacavel” and “Boicininga” and in 
Spanish as “Cascabel.” Its range is over the 
greater part of South America in the drier, 
elevated areas, to southern Brazil and the north- 
ern Argentine. In the northern portion of the 
continent, the bands on the neck are much 
elongated, as with Central American specimens. 
Examples from the greater continental area 
have shorter neck bands, but all exhibit the 
characteristic rhomb-like marking of the back. | 
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Extracting venom from a fer-de-lance. 


The first step in the preparation of serum. 


The venom is injected (in small quantities) into horses to render them immune 
and thus produce an antivenomous serum. 


Antivenines for Snake Bite 


The pioneers in production of antivenines for 
the bites of New World serpents were Doctors 
Vital Brazil and Afranio do Amaral. Dr. 
Amaral is now Director of the splendid or- 
ganization known as the Instituto Soro Thera- 
pico, at Sao Paulo, Brazil, which is conducted 
under the auspices of the government. Dr. 
Brazil is now Director of an equally modern 
plant known as the Instituto Vital Brazil, 
which is situated at Nictheroy, a suburb of Rio 
de Janeiro. These institutions produce specific 
grades of sera for the different types of poison- 
ous snakes. A grade is prepared to neutralize 
the venoms of the Bothrops group, which is 
particularly marked in its haemolytic action, 
and another for that of the tropical rattlesnake, 
which indicates powerful neurotoxic and haemo- 
toxic elements. Another is produced to coun- 
teract the largely neurotoxic venom of the coral 
snakes. There is also a polyvalent serum, which 
is not so efficacious as a specific type, but in- 
tended for use when the bite is from an un- 
determined serpent. These sera are largely 
available south of the equator. 

North of the equator, the Serpentarium at 
Tela, Honduras, jointly maintained by the 


Antivenin Institute of America, Harvard 
University and the United Fruit Company, 
collects venoms from the Bothrops types and 
the tropical rattlesnake, for preparation of such 
specific sera. These venoms are sent to the 
laboratory at Glenolden, Pennsylvania, where 
the immunization of horses and consequent de- 
velopments to the perfected antivenin are con- 
ducted. 

The Antivenin Institute of America also pre- 
pares a serum for general use in the United 
States, where the venoms of the pit vipers— 
the rattlesnakes, copperhead and moccasin, are 
so similar that a polyvalent serum is practic- 
able and efficacious. The venoms of these North 
American vipers is largely haemotoxic. As the 
danger from the coral snakes in the United 
States is very slight—as indicated from the 
extreme infrequency of accidents—no specific 
serum has been produced for North America. 

From this resumé of different types of serum, 


‘it will be understood that anyone going into 


country where poisonous serpents are common, 
should use care in being provided with the 
proper kinds. All of these sera are hypoder- 
mically administered. 
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Upper—Fig. Head of Coral Snake, Micrurus. Showing the very short poison 
fangs, which are permanently erect. This is a quite different development from 
that of the vipers (Figures 12, 18 and 14). 


Lower—Fig. 6. Patterns of coral snakes—drawn by the author. The gray areas 

indicate the red. From right to left the patterns indicate: M. fulviws, south- 

eastern United States: M. euryxanthus, southwestern United States and Mexico: 
M. corallinus, M. lemniscatus and M. frontalis, South America. 
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Upper—Fig. 8. Coral Snake; Harlequin Snake, Micrurus fulvius. Occurs in the 

southeastern United States. It is secretive and of burrowing habits, though some- 

times seen prowling after rains. It feeds upon the young of other snakes and 
small lizards. 


Lower—-Fig. 9. Sonoran Coral Snake, Micrurus euryxanthus. Found in the 
extreme southwestern United States and northern Mexico. These extremely 
dangerous and deceptively pretty reptiles form an extensive genus of considerably 
over two dozen species, ranging from the southern United States to Argentina. 
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Harmless Species Resembling Coral Snakes. 


Upper—Fig. 10. A Brazilian serpent, Psewdoboa trigeminus, with pattern of red. 
black and yellow bands of remarkable similarity to that of the poisonous coral snake. 


Lower—F¥ig. 11. Another Brazilian species, Erythrolamprus aesculapii, with red. 

black and yellow bands. There is similarity to the poisonous coral snakes in 

coloration, but the yellow rings are single and margined with black, a reverse 

from the usual pattern of the dangerous reptiles. Harmless ‘“‘mimics” of the coral 

snakes are found wherever the es occur. pinotce aes courtesy of Dr. Afranio 
do Amaral. 
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Heads of Viperine Snakes. 


er—Fig. 12. Skull of Bushmaster, showing the poison fangs in upper jaw. 

These are hollow, with opening at tip like a large hypodermic needle. They fold 

back when the mouth is closed. There are double fangs on the right—one ready 
to be shed. 


Lower left—Fig. 18. Head of Diamond-back Rattlesnake. 


Lower right—Fig. 14. Head of Fer-de-lance. showing membranous sheath normally 
coverings the fangs and which is pushed upward in biting. 
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The Copperhead Snake, Agkistrodon mokasen. (Eastern and western phases. ) 
Upper—Fig. 15. Ranging from Massachusetts to northern Florida and to the 


Mississippi Valley, the eastern phase is fairly constant in pattern, although the 

paler areas between the dark brown blotches vary from gray and tan to pinkish 

brown or reddish hue. When coiled, this serpent closely blends with fallen leaves 
and often seeks to hide where dead leaves carpet the ground. 


Lower—Fig. 16. A Texas Copperhead. The bands are fewer in number and much 
wider than with eastern specimens. 
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Unper—Fig. 17. Water Moccasin; “Cotton-mouth”’ Snake, Agkistrodon piscivorus. 

Water snakes of several species inhabit the United States but this is the only 

poisonous aquatic serpent within that area. It is abundant in the Southeast and 

attains a length of five feet. The term ‘‘cotton-mouth’” comes from the mouth 
parts being whitish. It will open its mouth and threaten an intruder. 


Lower—Fig. 18. Tropical Water Moccasin, Agkistrodon bilineatus. The pattern 


is highly decorative, as if the reptile were marked with white enamel. This is a 
savage and very dangerous snake, restricted to southerly Mexico and northern 
Central America. 
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Fig. 19. Palm Vipers. The genus Bothrops forms the dominating group of 
venomous serpents in the New World tropics. It contains extremely dangerous 
species, including the fer-de-lance. The palm vipers are among its smaller members, 
and characteristic in being arboreal and having a prehensile tail. Their fangs are 
proportionately very long. Most of them are of greenish hues and difficult to 
detect amongst foliage. The examples shown represent March’s Palm Viper. 
Bothrops nigroviridis marchi, of Honduras. Photograph by Anton Vestby. 
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Upper-—Fig. 20. March’s Palm Viper, Bothrops nigroviridis marchi. The typical 
form occurs in Costa Rica and Nicaragua. Several fatal accidents occurred among 
a trail-cutting gang. owing to the difficulty in detecting these reptiles in the foliage. 


Lower—Fig. 21. Schlegel’s Palm Viper, Bothrops schlegelii (yellow phase). This 
arboreal viper has a wide range, occurring from Guatemala into northern South 
America. There are two color phases. one lemon-yellow, the other dark green, 
blotched with red. Spiny scales stand erect over the eyes, which character has 
produced another name—the eye-lash viper. Photographs by Anton Vestby. 
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Upper—-Fig. 22. Nose-horned Viper, Bothrops nasuta. Central America. Colombia 
and Ecuador. There is fair variety of small members of Bothrops. This common 
serpent is rated as one of the most active of its genus, and can lurch its coil a 
foot forward. It is sometimes called ‘‘jumping viper,’’ but the term properly 
belongs to the particularly vigorous species shown on the following plate. 


Lower—Fig. 23. Godman’s Viper. Bothrops godmani, of Central America. Length 


i 


N 


under twenty-four inches. Photographs by Anton Vestby. 


May-June, 19238 


Vol. xxuiii, No. 3 NEW YORK ZOOLOGICAL SOCIETY 11 


The Jumping Viper. Bothrops nummifera. -(Upper, Fig. 24 and Lower, Fig. 25m) 
This Central American species is less than a yard in length, but grotesque in being 
the proportionately stoutest viper of the American tropics. It is also the most 
vigorous in biting, as it makes a striking jump when irritated, that may carry the 
whole body a full two feet forward, or to a greater distance if the snake strikes 
from the side of a log or bank where there is purchase to lurch its coils. The 
upper figure shows a young example with particularly bright pattern. Photographs 

by Anton Vestby. ; 
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Upper—-Fig. 26. Cotiarinha, Bothrops itapetininge. A small. brownish viper of 
southern Brazil. It is rather rare. 


Lower—Fig. 27. The Island Tree Viper, Bothrops insularis. Unique among South 
American serpents in restricted habitat. Occurs on an island of less than a square 
mile of surface, about forty miles from Santos, Brazil. Feeding entirely upon 


‘birds and requiring an exceptionally active poison to kill such elusive prey, this 


serpent is rated as the most poisonous of its genus. Photograph courtesy of 
Dr. Afranio do Amaral. 
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Upper—Fig. 28. Maximilian’s Viper, Bothrops neuwiedii. One of the most wide- 

spread of the South American pit vipers. It rather closely resembles the fer-de-lance 

in form and habits, being irritable and quick to strike. Photograph courtesy of 
Dr. Afranio do Amaral. ne 


Lower—Fig. 29. Maximilian’s Viper, Bothrops neuwiedii (variety). Several distinct 
subspecies have been named. The blotches may be more closely crowded, or more 
vivid, owing to a paler body hue. 
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Upper—Fig. 30. Fer-de-lance, Bothrops atrox. The familiar common name orig- 

inated among the Creole-French on the islands of Martinique and St. Lucia, where 

this serpent was. once: abundant but is now rare. In Central America it is known 
as “Barba amarilla’’ and in Brazil most commonly as ‘‘Jararaca.”’ 


Lower—Fig. 31. <A big ‘specimen of barba amarilla or fer-de-lance, captured near 
Tela, Honduras. -The exact length was eight feet and four inches. Photographs 
by. Anton: Vestby.: 
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Upper—Fig. .32.. Fer-de-lance or Jararaca. . (Note Fig. 30.).. The most: commonly 

seen venomous ‘serpent in the American tropics. There is considerable: variation in 

the pattern and body hue. The latter is more frequently gray. or greenish-gray, 
with darker, pale-edged blotches. 


‘Lower—Fig. 33. -Jararacucu, Bothrops jararacussu. Largely confined to southerly 
Brazil. It isa thicker-bodied serpent than the more widely distributed jararaca. 
(Note Figs. 34, 85 and 36.) 
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Upper—Fig. 34. Jararacucu, Bothrops jararacussu. While of the “fer-de-lance”’ 
type and similar on gross examination, the markings are more angular and the 
paler margins of the blotches dominate the pattern. 


Lower—Fig. 35. Jararacucu. Gray-green or olive hues, splashed with yellow and 

darker blotches, form dangerously deceptive patterns when these creatures are 

lurking in low vegetation. They fortunately have a habit of warning of their 

presence by vibrating the tail, which produces a sharp, buzzing sound among 
the leaves. 
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Upper—Fig. 36. Jararacucu, Bothrops jararacussu. Showing the pattern viewed 
from above. (Note Figs. 38, 34 and 35.) 


Lower—Fig. 37. Urutu, Bothrops alternatus. Southerly Brazil, Paraguay, Argen- 

tina and Uruguay. The most handsomely marked member of the Bothrops genus. 

The crescents are chocolate-brown, edged with white or yellow. It attains a length 
of five feet and is quite heavy of body. 
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Fig. 39. The Bushmaster; Surucucu, Lachesis muta. Attaining a length of twelve 

feet, this is the largest of the world’s viperine serpents. Its range is southern 

Central America and tropical South America. The scales are very rough and 

protruding; the coloration ruddy brown or salmon hue, with black cross-bands. 

The latter reverse the pattern of the fer-de-lance group, being wide on the back 
- and narrowing on the sides. (See Fig. 1.) 
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Upper—Fig.. 40. . Pygmy Rattlesnake, Sistrurus miliarius. Southeastern United 

States. The rattlesnakes of North America vary from this eighteen-inch species to 

the big diamond-backs of six to. eight feet. Note the minute rattle, which can be 
scarcely heard a few feet away. ; 


Lower—Fig. 41. Massasauga, Sistrurus catenatus. This small brownish or grayish 
species occurs from’ western New York throughout the central states. It usually 
frequents swampy places. 
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Fig. 42. The Tropical Rattlesnake; Cascabel (Spanish); Cascavel (Portuguese), Crotalus terrificus 
durissus. The most poisonous of the rattlers as well as the most savage. The venom differs from 
northern rattlesnakes and other New World vipers in having a largely neurotoxic action and in being 
nearly colorless. The venom of this serpent, in fact, appears to be the most highly toxic of any New 
World viper, with the exception of the unique and isolated island viper, Bothrops insularis, found 
off the coast of Brazil. This rattlesnake has the widest range of any species of Crotalus, occuring from 
central Mexico to northern Argentina. It is the only known species of rattlesnake of Central and 
South America. Distribution follows the higher and drier areas and does not extend into the damp 
coastal country. There is thus but a slight overlapping of this serpent with the occurrence of the 
fer-de-lance, which prefers the low and more humid coastal regions. Photograph by Anton Vestby. 
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Upper—Fig. 43. Tropical Rattlesnake, Crotalus terrificus terrificus (thé typical 
form). This specimen is from southern Brazil. The neck bands are shorter than 
with Central American specimens. 


Lower—Fig. 44. Black-tailed Rattlesnake, Crotalus molossus. The boundary region 

of the United States, from Texas to Arizona inclusive; also Mexico. Appears to 

be closely related to the tropical species found southward. Photograph courtesy 
of Dr. A. H. Wright. 
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Upper—Fig. 45. Eastern Diamond-back Rattlesnake, Crotalus adamanteus. Largest 
of North American rattlesnakes. It attains a length of eight feet and weight of 
fifteen pounds. Occurs in coastal areas of the southeastern United States. 


Lower—Fig. 46. Western Diamond-back Rattlesnake, Crotalus atrox. Second in 

size to the eastern. diamond-back. The range is from Texas to California. Owing 

to its abundance and inclination to quickly strike, it holds first rank in the 
number of fatalities from rattlesnake bites. 
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Upper—Fig. 47. Red Diamond Rattlesnake, Crotalus ruber. Southern California 

and lower California. A rather common and large rattler of ordinarily passive 

disposition. Accidents from it are seldom recorded. It is difficult to induce some 
specimens to sound the rattle. 


Lower-—Fig. 48. Mohave Diamond Rattlesnake, Crotalus scutulatus. Recognized 
by the enlarged scales on the top of the head. Inhabits the arid Southwest, into 
northern Mexico. Photographs courtesy of Laurence M. Klauber. 
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Upper—Fig. 49. The Prairie Rattlesnake, Crotalus confluentus confluentus. Its 


races or subspecies have the widest range of any of its genus. The common 
rattler of the plains. 


Lower—Fig. 50. Pacific Rattlesnake, Crotalus confluentus oreganus. .The common 
and only rattlesnake of- the Pacific region north of. southern California, in- which 
latter area other species occur. Abundant over~ varied country embracing moun- 
tains, sea coast levels, inland plains and sterile areas. Coloration varies from 
brown, gray, greenish to black. Photograph courtesy of Laurence M. Klauber. 
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Upper—Fig. 51. Pacific Rattlesnake, Crotalus confluentus oreganus, black phase. 
With black examples the blotches are fused out, the only pattern being their 
paler margins, forming a chain of whitish rhombs. 


Lower—Fig. 52. Great Basin Rattlesnake, Crotalus confluentus lutosus. The 
Plateau Region from the Rockies to the Sierras. Photographs courtesy of 
Laurence M. Klauber 
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Grand Canyon Rattlesnake. Crotalus confluentus abyssus. Ob- 
Distinguished by 


its vermilion or salmon coloration, and almost complete absence of pattern when 
adult. 


54. Panamint Rattlesnake, Crotalus confluentus stephensi. A pallid, 
Photographs courtesy 


Upper—Fig. 53. 
served only in the Grand Canyon of the Colorado. in Arizona. 


Lower—Fig. 
desert form, recorded from Nevada and eastern California. 
of Laurence M. Klauber. 
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‘Upper—Fig. 55. White’ Rattlesnake; Bleached Rattlesnake, Crotalus confluentus 


mitchelli. Deserts of Arizona, southern and Lower California. The arid South- 


-west is the headquarters: of the rattlesnakes. Over a dozen species occur in that 


region. Elsewhere over the far-flung area inhabited by such serpents, from 
Canada to’ Argentina; there-is no such grouping of species. two or three being 
the maximum number overlapping in distribution. 


Lower—Fig. 56. Tiger Rattlesnake,. Crotalus tigris. Another resident of the 
Southwest. Photographs courtesy of Laurence M. Klauber. 
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Upper—Fig. 57. Banded Rattlesnake; Timber Rattlesnake, Crotalus horridus. The 


common rattler of the eastern United States. Particularly abundant in northeastern 

areas. Frequents ledges on hills and mountains and congregates during the 

autumn near specific crevices, which are the hibernating shelters or “dens.” It is 
not a savage species and records of bites are comparatively rare. 


Lower—Fig. 58. Banded Rattlesnake, Crotalus horridus (black phase). There is 
much variation in hue and intensity of pattern. 
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Upper—Fig. 59. Spotted Rattlesnake, Crotalus triseriatus. A small, grayish species 
of the Southwest-—including northern Mexico. 


Lower—-Fig. 60. Green Rattlesnake, Crotalus lepidus. Readily distinguished by 
its greenish-gray hue, marked by widely separated rings of black. Of small size 
and found only in the Southwest. Photograph courtesy of Dr. A. H. Wright. 
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Upper—Fig. 61. 


Head of the Horned Rattlesnake, 


Lower—Fig. 62. Horned Rattlesnake; ‘Sidewinder,’ Crotalus cerastes. Deserts 
of the Southwest. Characteristic in having a horn-like scale over each eye. 
Living on dry and yielding sand, it progresses by throwing lateral loops of the 
body forward, which cause it to move off at an oblique. angle to the direction 

in which the head is pointing—hence the name ‘Sidewinder.’ 


Crotalus cerastes. 
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Snake pit at Sao Paulo, Brazil. This extensive and pretentious pit is surrounded 
by a water moat. It is part of the Instituto Soro Therapico, where large quantities 
of serum are prepared for snake bite accidents in Brazil. 


The snake pit at Tela, Honduras. The object of the numerous shelters is to enable 

the extremely nervous reptiles to hide or otherwise they would soon die. The 

scientific worker is particular about wearing leather leggings on entering the pit. 
This pit is contained in the large structure shown on page 98. 
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The Astor Expedition to the Galapagos Islands 


Cuarvues Haskins TowNsEND 


Illustrated from photographs made by various members of the expedition. 


Introduction 


URING the past sixty years the Galapa- 

gos Islands have been visited by a good 
many naturalists. While their peculiar animals 
and plants are now fairly well known, the field 
for investigation remains a broad and inviting 
one. 

When Mr. Vincent Astor decided on going 
there in the large and speedy yacht Nourmahal, 
he felt that the voyage should contribute some- 
thing to the knowledge of a fauna and flora 
known to be of unique scientific interest. The 
writer was invited to recruit a party of nat- 
uralists to accompany the ship with this pur- 
pose in view. Certain of Mr. Astor’s friends, 
interested in seeing the islands and in angling 
for the large fishes to be found among them, had 
already accepted his invitation to go there and 
wished to participate in the proposed explora- 
tions." 

It was decided that the efforts of the expedi- 
tion should be directed chiefly to the explora- 


1 The party on board the Nourmahal during the cruise 
to the Galapagos Islands was, Commodore Astor, Kermit 
Roosevelt, Suydam Cutting, Robert Huntington, Dr. Kugene 
Pool of the New York Hospital, Clarence L. Hay of 
the American Museum of Natural History, James P. 
Chapin, ornithologist, American Museum of Natural His- 
tory, H. K. Svenson, botanist, Brooklyn Botanic Garden, 
Wilfred S. Bronson, artist, Charles H. Townsend, New 
York Aquarium, who acted as director of the expedition 
ae Elwin R. Sanborn, photographer, New York Zoological 
ociety. 


tion of the one island about which the least 
was known. This was Indefatigable, the sec- 
ond in size of the Galapagos group of a dozen 
large islands. It was named a hundred years 
ago for a British warship that made some sur- 
vey of its coast. Its high interior remains 
largely unknown, geographically, zoologically, 
and botanically, except for what we were able 
to learn during the two weeks devoted to it. 
Little attention was paid to marine life, which 
remains unaffected by the human agencies that 
have been so profoundly disturbing to the land 
fauna. The extinction of the once abundant 
Galapagos fur seal (Arctocephalus philippi) 
may be cited as an exception among marine 
forms. 


Our explorers and naturalists worked their 
way into Indefatigable Island somewhat far- 
ther than the few expeditions that had preceded 
them on this island.* They reached an eleva- 
tion of 2100 feet as indicated by aneroid 
barometers. It is a rough volcanic island, covy- 
ered with tangled vegetation. The barrier of 
jungle present from the coast inwards, was 
found to be no less difficult after four days of 
arduous hacking with machetes. At the point 


2 The details of this difficult piece of work are described 
elsewhere by Mr. Roosevelt. 
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reached, the highest part of the island was 
known to be near, but lofty outlooks could not 
be found and nowhere was it possible to see far 
ahead. The inland party was accompanied to 
this point by collectors and important zoologi- 
eal and botanical material was secured. 


The lack of water and food, exhausting labor, 
heat and discomfort from mosquitos made it 
necessary to fall back on a half way base, where 
further collecting was done before a return to 
the coast. We now believe that there is little 
to support the old theory of a great central 
crater so long sketched on the chart. While 
there may be some rather more level country in 
the interior, it is probable that jungle covers all 
parts of the interior just as it does the slopes. 
Photographs of the sky-line from both north 
and south of the island show rounded eminences, 
not sharp rocky pinnacles except on the north 
side. They appear to be brush covered almost 
to their tops, like those nearer the coast, easily 
examined with field glasses. 


Indefatigable Island is twenty-five miles in 
diameter and it must have been a ten-mile 
journey to the height that was reached. Any 
attempt to penetrate this island from any 
point around the coast is most discouraging. No 
progress is possible anywhere without cutting 
a way. Although its highest point is supposed 
to be little more than 2300 feet, it is the most 
difficult of all the Galapagos Islands to explore. 
No one can go anywhere without carrying the 
day’s supply of water. This is true, however, 
of most of the other islands of the group. 


Although the coastal regions of the Galapa- 
gos Islands are all desert-like and waterless, 
the higher parts are often hidden by rain clouds. 
While there are some permanent pools in the 
higher regions, the volcanic nature of the islands 
in general does not permit of the retention of 
water on the surface. 

The islands of the Galapagos group occupy 
a sea area of more than 130 miles in diameter 
and are mostly of considerable size. The larg- 
est is 75 miles long and has volcanic heights 
up to 5,000 feet. Most of them have never 
been inhabited except temporarily and could 
not be without complete provision being made 
for subsistence. There are two small settle- 
ments of natives of Ecuador on islands a hun- 
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dred miles apart. These are Chatham and AI- 
bemarle. Except for a couple of transiently 
occupied camps elsewhere, the rest of the archi- 
pelago lies unused and is seldom visited. There 
is no regular transportation between the main- 
land and the islands. Although lying under the 
Equator, the climate of the Galapagos Islands is 
not one of equatorial heat.* It is tempered by an 
Antarctic current that flows among them. The 
tourist would find little of interest in these 
islands, so difficult to penetrate, aside from 
views of vast lava fields, forbidding cliffs, wild 
anchorages in half-submerged craters and other 
voleanic phenomena. Their chief interest is 
for the lover of nature, inspired by Darwin's 
account written a hundred years ago. When a 
young man Darwin served as naturalist on the 
“Beagle” and made the voyage of that ship 
celebrated because of his writings. The early 
navigators—some of them more than a century 
ahead of him—had told the world the story of 
the giant tortoises. It was not until the great 
naturalist arrived that other wonders of ani- 
mal life were made known. 

The attractive features of the Galapagos 
Islands are those connected with the peculiar 
animal and plant life existing there. When dis- 
covered in the sixteenth century, they were 
named the tortoise islands because of the aston- 
ishing numbers of ‘“galapagos’ inhabiting 
them. Each island had its own distinct species 
of giant land tortoise. 

One of the objects of the expedition was to 
ascertain if the tortoise of Indefatigable 
Island was still in existence and to procure 
specimens for breeding purposes. The mountain 
party explored each zone of elevation from the 
coast upward. The collections included giant 
tortoises, lizards, several kinds of finches, some 
flycatchers, thrushes, and doves. Insects were 
also obtained. The botanist collected many 
kinds of plants and has doubtless species that 
are new to this island. The field for botanical 
and entomological research in the Galapagos 
archipelago remains but half explored. 

One of the ever charming features of these 
islands is the tameness of the land birds. It is 
only necessary to sit quietly anywhere to have 


3 Temperatures of air and water were recorded on board 
the Nourmahal every four hours, day and night during our 
stay among the islands. (Mar. 81 to Apr. 15). Average 
temp. of air 80°—water 78° Fahr. 
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Heron. 


several of them come almost within arm’s 
length. The doves came close to one’s feet; the 
thrushes, finches, and flycatchers perch near 
enough to be touched with a switch if they did 
not move. The hawks are so inquisitive that we 
caught them with a string noose on the end of 
a stick. It is not uncommon to see half a dozen 
of them on a single low tree. The big marine 
and land iguanas offer no difficulty in capture. 
One has only to slip up quietly and seize them 
lay wine ‘sani, 


(Otaria jubata) are amazingly fearless for 


The sea lions of the Galapagos 
large animals. The baby sea lions are full of 
curiosity and do not bite when picked up. 
While the shore parties were at work on 
Indefatigable Island, 
trips to other islands in search of living ani- 
mals for the Aquarium and the Zoological Park. 
It was not difficult to capture penguins and 
flightless cormorants. 


the Nourmahal made 


These birds, being un- 
able to fly, were caught with dip nets on the 
rocks before they could jump into the water. 
The penguins soon became pets, while the cor- 
morants 


remained vicious as when caught, 


actually thrusting their heads from the cages 


Indefatizgable Island. 


to strike at anyone within reach of their hooked 


beaks. 


that it became necessary to keep them in sep- 


They were so savage with each other 


arate cages. 


The upper deck of the Nourmahal with its 
cages of birds, iguanas, and tortoises, had the 
appearance of a small menagerie during the 
return voyage. ‘There was also a tank con- 
taining a large Pacific sea turtle (Chelonia 
virgata) which members of the party caught in 
the water with their hands. The Pacific green 
turtle has not previously been seen at the 


Aquarium. 


An important feature of the expedition was 
the carrying of 265 Galapagos fishes to New 
York alive. Sea water was kept flowing through 
the tanks day and night, except during the 
seven hours’ passage through the fresh waters 
of the Panama Canal, where the tanks were 
supplied with compressed air. The losses were 
surprisingly few, as the fishes were in the ship- 
ping tanks fully three weeks. Hauling live sea 
fishes 3,000 miles had not previously been done. 
We are disposed to regard this as somewhat 
of an achievement. It would hardly have been 
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Ducks (Poecilonetta galapagensis), Indefatigable 
Island. Photograph by James P. Chapin. 


Pintail 


attempted had it not been for Mr. Astor’s in- 
terest in making the trial. 

While under the patronage of the New York 
Zoological Society, which was represented by 
three of its officers, the American Museum of 
Natural History and the Brooklyn Botanic 
Garden also contributed workers in special 
lines. 


The Aquarium and the Zoological Park re- 
ceived all the living animals, and the Museum 
and the Botanic Garden the preserved material. 
The results of the expedition do not consist of 
natural history collections alone. There are 
important photographs and paintings for the 
illustration of natural 
history documents which 
will be prepared after the 
meve los iw 

The note-book 
that been 
indicate that these 
contributions will extend the 
present knowledge of the 
Islands. The 
above named institutions of 
New York have _ profited 
greatly through the munifi- 
Cellce Ol ties promoter O18 
this expedition, Mr. Vincent 
Astor, who participated ac- 
tively and with lively inter- 
est in all its proceedings. 


collections 
studied. 
records have 


made, 


Galapagos 
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Pintail Ducks (Poecilonetta galapagensis). 
Photograph by James P. Chapin. 


139 


Notes on the Collections 
The Giant Tortoise of 
Indefatigable Islan d*:— 
We were fortunate in find- 
ing at this island two sur- 
vivors of a Norwegian col-| 
ony that had found the con- 
ditions of life unfavorable 
and returned to their native 
land or to points in South 
Mier.  Iiese mien ike 
ported that giant tortoises 
were still in existence on the 
island and offered to con- 
duct us to the distant tor-. 
toise country. Most of our 
party, including Mr. Astor, made the trip. It was 
over a dim and rough trail which could not have 
been followed without the guidance of the two 
Norwegians and their one native companion. It 
proved to be a hard, grilling march of five 
hours’ duration. We had little idea of the num- 
ber of miles, and we needed all the water our 
canteens contained. On a second trip to the tor- 
toise country, we camped over night for the 
sake of a tortoise hunt, following the three 
natives as they pushed through the brush. 
After an hour’s work, on the evening of our 
arrival, we found a tortoise weighing perhaps 
250 pounds. It was too large for transporta- 
tion and was left at liberty. The natives 


4 Testudo portert. 


Indefatigable Island. 
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(Nesomimus melanotis dierythrus). Indefatigable 
Island. Photograph by James P. Chapin. 


Thrush 


brought in eight of smaller size, seven of which 


ranged from 40 to 80 pounds in weight. These 


were brought to the Zoological Park. The na- 
tives had a horse on which the tortoises were 
carried to the coast. ‘Two heavy tortoises at a 
trip, made hard work for the little horse, con- 
sidering the roughness of the trail. His un- 
shod hoofs suffered in consequence. 


This species of tortoise (T’estudo porteri) is 
found only on Indefatigable Island. Its exist- 
ence being in doubt, the living specimens se- 
cured are of decided value. While in the tor- 
toise country we measured the bleached shells 
of large tortoises killed 
years before. Some of them 
were nearly five feet in 
length of top shell as meas- 
ured over the curve. They 
must have weighed consider- 
ably over 500 pounds. 

Giant tortoises have long 
been extinct on most of the 
Islands. Ships 
carrying them 
away for food for 300 years, 
by hundreds of thousands. 
The stock was finally re- 
duced to small numbers by 
whaling vessels before the 
middle of the nineteenth 
century. There is little hope 
for their continued survival 


Galapagos 


have been 


JB) WO AG 1718 10 JE any 


July-August, 1930 


in the mountains of the two 
large islands where they are 
still to be found. Temporary 
settlers from Ecuador have 
left behind them dogs, pigs, 
cats and rats, to run wild 
and multiply. All of these 
prey upon newly hatched 
tortoises, so there can be 
little increase. It is still the 
habit of the natives of the 
two settlements 
to kill and eat giant tor- 
toises wherever they can be 
found. ‘The few 
away alive by naturalists, 
count for little in view of 
the killing that still goes on. Being now far in- 
land they are no longer sought by passing mer- 
chant ships. 


remaining 


carried 


It is fortunate that numerous giant tortoises 
were brought from the mountains of Albemarle 
Island two years ago by the writer, under the 
direction of the New York Zoological Society.° 
These tortoises have been colonized in Florida 
and elsewhere in warm climates. Most of them 
have already doubled in size. There is reason to 
believe that they will soon reacly the breeding 
age. With Mr. Astor’s approval, the tortoises 
from Indefatigable Island will also be colonized 


5 For this purpose the U. S. Bureau of Fisheries lent the 
U. 8. S. Albatross IT. 


Yellow-crowned Night Heron (Nyctanassa violacea), Indefatigable Island. 
Photographed by James P. Chapin. 
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Tortoise of Indefatigable Island (Testudo porteri). 


in the south for propagation of this particular 
species. It is now evident that they grow rap- 
idly. The breeding age is still unknown. 


Where sare sbelonesmecmeecOndsmOtmceLaln 
whaleships that took 753 tortoises from Inde- 
fatigable Island between 1824 and 1848. These 
dates include a period when there were over 
seven hundred ships in the American whaling 
fleet. As most of the fleet engaged in sperm 
whaling in the Pacific and frequently called 
at the Galapagos for supplies of tortoises, the 
numbers carried away must have been very 
exeat. The writer has records of 105 ships 
that captured fifteen thousand tortoises on dif- 
ferent islands of the group during the early 
part of the nineteenth century. 


Captain Porter of the U.S.S. Essex, at the 
Galapagos in 1812, records finding tortoises in 
abundance on Indefatigable Island, “‘one of 
which measured five feet and a half long, four 
feet and a half wide, and three feet thick; and 
others were found by some of the seamen of 
larger size.” Porter confesses to loading one 
of his ships at James Island with tortoises that 
“would weigh about fourteen tons. At Charles 
Island between four and five hundred were 


Showing heavy scale armor of legs. 
Photograph by H. K. Svenson. 


taken on board.” Feeding the crews of war- 
ships and whaleships on “Galapagos Mutton” 
as it was called, required large numbers of tor- 
toises. 

The California Academy of Sciences Expe- 
dition of 1905 secured twenty-three tortoises 
on Indefatigable Island, the largest of which 
measured fifty-four and a half inches in length 
of top shell over the curve. ‘Tortoises were 
recorded at that time as “fairly common’ on 
Indefatigable Island. The Norwegian settle- 
ment on this island, recently abandoned, must 
have killed many tortoises as we found nu- 
merous large skeletons during our brief stay 
in the tortoise country. The trail to this re- 
gion had been kept fairly passable by the two 
Norwegian survivors who were our guides. 
Tortoise meat was still an important part of 
their food supply and tortoise oil served them 
as butter. They informed us that young tor- 
toises were seldom found. A four-pound speci- 
men represents the only small tortoise we ob- 
tained. ‘The Galapagos hawk, which is more 
abundant on Indefatigable than elsewhere, was 
credited with destroying newly hatched tor- 
toises. It is possible, since tortoises are no 


The Director nooses the unwary hawk. 
Indefatigable Island. 


longer abundant, that hawks serve to hinder 
their increase on Indefatigable. It appears 
that hawks are less numerous on Albemarle 
Island where tortoises are more in evidence. 


The ancestor of the giant tortoises that once 
swarmed on the Galapagos Islands remains un- 
It was probably a 
mainland form now long ex- 
tinct. The island descend- 
ants reached large size and 
great numbers because of an 
abundant food supply and 


the absence of enemies. 


known. 


We have recently learned 
that the Crane Expedition 
of 1929 got specimens of 
Testudo portert which are 
now in the zoological gar- 
dens at Chicago. 


Two specimens of the 
Hood Island tortoise (Tes- 
tudo hoodensis) until re- 
cently believed to be ex- 
tinct, were obtained by the 
Pinchot Expedition of 1929 
and brought alive to this 
country. 

Marine Iguana®: — This 


6 Amblyrhynchus cristatus. 
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Mr. Hay finds a tortoise. 
Photograph by Kermit Roosevelt. 
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remarkable species is pecu- 
liar to the Galapagos. It is 
found on all rocky shores of 
the archipelago, being per- 
haps more numerous on Nar- 
borough and the adjacent 
shores of Albemarle, than 
elsewhere. Marine iguanas 
are only to be seen close to 
the water, lying on the 
warm rocks, often in large 
companies. While they feed 
chiefly on sea weed, they do 
not venture far from the 
rocks, with which their dark 
colors are in harmony. 
Other observers have found 
their sharks, 
which are abundant among 
the islands. Judging from 
the numbers of iguanas to be seen in some 
places, it is unlikely that destruction by sharks 
is of serious extent. 


remains in 


Large marine iguanas are about four feet 
in length. Their eggs are buried in the sand. 
We obtained a smaller variety (Amblyrhynchus 
nanus) inhabiting Tower Island. Slevin records 
that marine iguanas are very rare on Chat- 


Indefatigable Island. 
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Fearless sea lions (Otaria jubata). 
South Seymour Island. 


ham Island where the natives formerly ate them 
and their eggs. 


They have not been observed at Charles 
Island by recent expeditions. There was for- 
merly a large colony of Ecuadorians on this 
island, which may account for their present 
scarcity there. ‘The abundance of sharks in 
Galapagos waters doubtless serves to restrict 
the movements of iguanas from one island to 
another. 


Specimens kept in sea-water pools in the New 
York Aquarium always swam with their legs 
close to the body, the long, laterally-compressed 
tail furnishing the swimming power. Marine 
iguanas have never fed in captivity although 
well supplied with sea weed. 


Land Iguana’ :—The introduction of dogs is 
largely responsible for the scarcity or actual 
extermination of this iguana on most of the 
islands. It is common on South Seymour 
where dogs have not been introduced. We ob- 
tained several specimens on that island but did 
not observe it on Indefatigable, where it is 
presumed to be extinct. They had little fear 


7 Conolophus subcristatus. 


and were easily caught. This iguana has al- 
ways been used for food by the natives. I 
found three burrows close together in the loose 
soil of a hill a mile south of Tagus Cove on 
Albemarle Island but saw no iguanas. ‘The 
land iguana of Barrington Island, where it is 
now rare, has been described as a distinct spe- 
cies. Our live iguanas were fed on the leaves 
of several kinds of bushes that were brought on 
board. They are much heavier bodied than 
marine iguanas of the same length. Unlike 
the marine species they are savage biters and 
must be handled carefully. Large specimens 
may exceed three feet in length. 

Flightless Cormorant®:—This bird, the vari- 
ous species of penguins and the “steamer” 
duck, are the only existing sea birds that lack 
the power of flight. The distinction is a dubi- 
ous one, tending toward the fate that befell the 
equally flightless great auk of the north. 

The flightless cormorant is probably a dis- 
appearing species. Its present distribution is 
limited, so far as known, to Narborough and the 
adjacent shores of Albemarle Island. It is 
possible that it had a wider range before the 


8s Nannopterum harrisi., 
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discovery of the Galapagos Islands. We know 
nothing of its former distribution as it was 
not noticed by naturalists until described in 
1899. The introduction of dogs by Ecuadorian 
settlers early in the nineteenth century may 
have contributed toward its present limited dis- 
tribution. Narborough Island is still free from 


18) 107 1G; 2G Se Bh any 


July-August, 1930 


of Tagus Cove and also on Narborough. While 
no count was made, I must have seen as many 
as fifty. Not more than three were found in 
any one place. We disturbed none except those 
captured in Tagus Cove. No nests were ob- 
served. It would be interesting to know how 
many are in existence. 


Mr. Astor captures land iguanas. 
Photographed by James P. Chapin. 


the pest of wild dogs that afflicts the southern 
part of Albemarle and other islands of the 
archipelago. The flightless cormorants now in 
the Aquarium were captured in Tagus Cove, 
Albemarle, with dip nets. The birds sit stupid- 
ly on the rocks until the boat is so close that 
escape is impossible. 

While searching for penguins, I examined 
several miles of rocky shores north and south 


South Seymour Island. 


It may be more numerous on the western 
part of Narborough which is as yet unexplored 
zoologically. 

The behavior of the flightless cormorants now 
in the New York Aquarium is interesting: When 
one of these birds rests on its breast, it often 
goes to sleep with the long neck stretched out 
flat on the platform. The attitude often creates 
the impression that the bird is dead. 


Vol. xxxiti, No. h NEW YORK ZOOLOGICAL SOCIETY 145 


descend. The young birds 


soon became thin and did 


feeding that was resorted toe 
The adults were tame and 
COMITNS WO We SO mn Woe 
Aquarium, where they are 
very active in the capture of 
live minnows thrown into 
their large pool. The near- 
est relative of this bird is 
the Chilian penguin of 
southern South America. 


Forked-tailed Gull :—The 
original example of this 
bird was obtained long ago 
by Neboux of the French 
frigate Venus. The species 
remained unknown in Amer- 


Messrs. Hay and Astor would persuade the land iguana Keay museums until the first 
that bananas are edible. voyage of the Albatross to the Galapagos, where 


I secured six specimens. Others have been col- 
Galapagos Penguin®:—The engaging little lected since. 

penguin is found on most of the islands. Nat- The two live birds, brought to the Aquarium 
uralists have observed it in larger groups at by the Nourmahal appear to be thriving under 
Iguana Cove, Albemarle Island, than else- the conditions of captivity. The species was 
where. Our specimens were captured at Tagus found in greater numbers at Tower Island than 
Cove and along the shore a mile south of the elsewhere in the Galapagos, perhaps because the 
entrance. 


Little is known of its 
nesting habits. Two adults 
and two young were taken 
on April 7, in a cave which 
could be entered only by a 
boat. The necks of the 
young were covered with 
down. They were evidently 
still being fed on regurgi- 
tated food and refused the 
live minnows so_ eagerly 
taken by their parents. It 
seems probable that they 
were hatched early in March 
and that they had not yet 
taken to the water. Both 
adults and young’ were 
found on a steep ledge in- 
side the cave which the lat- 
ter were not yet able to 


eS el Land Iguana (Conolophus suberistatus). Indefatigable Island. 
9 Spheniscus mendiculus. Phctograph by Kermit Roosevelt. 
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- | Galapagos Hawk'®:—The 

2 ==—=— _ ~ Norwegian colonists that 

- - _ } ef lived on _ Indefatigable 
Island for a few years 
found it almost impossible 
to raise poultry because of 
the abundance of hawks. 
Specimens of both dark and 
light phases of plumage 
were preserved and seven 
were brought alive to the 
Zoological Park. The latter 
were fed with the bodies of 
other hawks killed for the 
purpose. We did not ob- 
serve hawks on _ either 
Charles or Tower Islands. 
Their fearlessness and cu- 
riosity are surprising in 
Inquisitive Pelican (Pelecanus californicus). Indefatigable view of the numbers that 

Island. have been killed by the Norwegians. 


Galapagos Rail” :—This is a common bird in 
the moist region of Indefatigable where it runs 
under the low shrubbery. Being rather fear- 


Galapagos hawk is not found there. Our speci- 
mens were caught with a dip net while en- 
gaged in a fight so strenuous that our ap- 

proach was entirely disregarded. i Bee Ls 


The Nourmahal in Tagus Cove, Albemarle Island. 
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Tuna fishing off Tagus Cove. 


less, rails were not difficult to secure. The 
species of Indefatigable has been described as 
Creciscus sharpei, but may not be distinct. 
Galapagos Pintail Duck’ :—This species was 
obtained in a pond in the 
tortoise country several 
miles northwest of Academy 
Bay, Indefatigable Island. 
A small flock was seen in a 
lagoon, near the bay. It is 
all the islands 
where there are fresh and 


found on 


salt ponds. Little is known 
Ol ilse nesting shabitsa. It 
does not seem to be nu- 
merous anywhere and being 
unwary, may have an enemy 
in the Galapagos hawk. In 
taking specimens, no heavier 
ammunition was required 
than the load of small shot 
from a smooth-bore collect- 
ing pistol. 
inches —— The 
able 


remark- 


black finches of this 


about ten 
numerous 


number 
are most 


island species. They 
within four or five 
miles of the coast and practically disappear at 


altitudes about fifteen hundred feet. All of 


First Officer Carlson and the Director set fish traps. 
Tagus Cove, Albemarle Island. 


12 Pecilonetta galapagensis. 
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Mr. Carlson pursues a penguin with dip net. 
Albemarle Island. 


the Galapagos finches build bulky domed nests 
with side entrances. There are thirty-five or 
more species of these finches in the Galapagos 
group. According to most authorities, all are of 
the genus Geospiza, although some have divided 
them into four sub-generic groups. Some occur 
on more than one island 
where they are represented 
by sub-species. The follow- 
ing are found on Indefati- 
gable: Geospiza pallida, G. 
prosthemelas, G. psittacula, 
G. crassirostris, G. parvula, 
G. fuliginosa, G. fortis, G. 
strenua, G. scandens, G. 
giffordi. 

The last word has not 
been said on the classifica- 
tion of the Galapagos 
finches. The largest collec- 
tion of specimens, that of 
the California Academy of 
Sciences, is now being sub- 
jected to critical study and 
the status of the birds of 
this puzzling group may be 
made clearer. 

Other Birds:—Among the 


indigenous land birds taken 
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on Indefatigable were the 
following: Flycatcher (Myi- 
archus magnirostris); Red 
Flycatcher ‘(Pyrocephalus 
(Certhi- 
ded OlM0aced)\; =o \leaetataiene 
(Progne modesta); Black- 
eared Thrush (Nesomimus 
melanotis) Short- eared 
Owl (Strix punctatissima) ; 
Pigmy Barn Owl (Asio 
galapagensis) ; Dove (Neso- 
pelia galapagoensis ). 
Reptiles: — Aside 
the large 


nanus); Creeper 


from 
marine iguana 
(Amblyrhynchus cristatus), 
the only other lizard ob- 
tained on Indefatigable was 
Tropidurus albemarlensis. 
We did not find the gecko 
lizard (Phyllodactylus galapagoensis). Spec- 
imens of the small snake of this island (Dro- 
micus steindachneri) were secured. All of the 
Galapagos snakes are harmless species. I car- 
ried one by the tail for some distance, which 
held tightly to the live lizard in its jaws. 
Mammals:—In the Galapagos Islands, in- 
digenous mammals are represented by bats and 


Sea lions cheerfully pose for the camera man. 
South Seymour Island. 
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Captain Klang studies the head of a marlin swordfish, 
Cocos Island. 


small rodents only. The native rat of Inde- 
fatigable (Nesoryzomys darwini) was found in 
abundance about a hut a few miles back of 
Academy Bay. 

All students of the animal and plant forms 
of the Galapagos Islands are in agreement 
that they were originally de- 
rived from the Americas. 


Fishes:—Among the live 


Galapagos fishes in the 
Aquarium, the following 
species are recognizable: 


Dermatolepis punctatus, 
Paralabrax albomaculatus, 
Archosargus pourtalesia, 


Pomacentrus leucorus, Bo- 
Canthi- 


dermis angulosus, Balistes 


dianus eclancheri, 
verres, Melichthys bispino- 
sus, Spheroides annulatus, 
rhodophus, 
Evoplites viridis, Xenocys 
jessiae, Xenichthys agassizi, 
Orthopristis chalceus, E pin- 
ephelus labriformis, Poma- 
centrus sp., Halichoeres sp., 
Haemulon sp., Muraena sp. 
There are doubtless some 


Trachinotus 
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new species which cannot be 
studied at present. 

There are as yet only a 
few papers on Galapagos 
fishes. The species already 
taken 
chiefly by seine, hook and 


known have _ been 


line. Extensive collecting 
by the use of wire fish 
traps should yield an abun- 
dance of unknown fishes. 
The light, wire fish traps 
used by the Astor expedi- 
tion were not so constructed 
as to prevent the entrance 
of small sharks that often 
either ate or mutilated the 
catch. Traps properly con- 
structed for use in these 
waters would undoubtedly 
yield a rich harvest to the ichthyologist. 


Other Islands Visited 
Albemarle Island—Tagus Cove:—The time 


spent here was profitable in many ways: One 
of the wire fish traps brought up eighteen 
specimens of a Scyllaris, which we recognized 


as something new. The genus had not pre- 


Cave where young penguins were found. 
Albemarle Island. 
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The Inquisitive Hawk (Buteo galapagensis) 
Indefatigable Island. 


viously been reported from the Galapagos. It 
is strikingly different from the so-called “Lo- 
cust Lobster’ of the West Indies, which we 
have often kept in the Aquarium. 

Upon climbing a high hill, a mile or more 
south of Tagus Cove, we found a vast, steep- 
walled crater perhaps nearly two miles in 


The 


sea had entered where the western wall was 


diameter, containing a large salt lake. 


broken down and a later flow of lava from 
some point to the southward had covered the 
space between the crater and the sea, form- 


ing a lake. The black lava field extended south- 


ward for miles with no vestige of plant life 


Marine Iguanas (Amblyrhynchus cristatus). 


Narborough Island. 
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in sight. In the lake which was of briny salt- 
ness, we obtained small fishes of the genus 
Aystaema. These appear to be young, the larg- 
est being 1142 inches long. The shore line of 
the lake bears no evidence of rise or fall of tide. 

This crater lake is briefly described by 
Stewart in his “Botanical Conditions on the 
Galapagos.” He considers it identical with 
the one referred to by Darwin as located near 
Banks Cove. The cra- 
ter, the salt lake and the 
vast lava field form a 
truly impressive sight. 

Tower Island:—The 
day spent in Darwin 
Bay at Tower Island 
proved to be an inter- 
esting one. A single fish 


trap caught nineteen 
specimens of the large 
spiny lobster (Panu- 


lirus penicillatus), the 
first we had seen. Two 
fork-tailed gulls 
(Creagrus  furcatus) 
and a single dwarf ma- 
rine iguana (Amblyr-_ 
hynchus nanus) were 
captured. The botanist’ 
was the only member of 
the party to visit the in- 
land crater lake of Tower Island™ 


first described by Prof. Alban ‘Stewart who 
visited Tower Island as botanist of the Cali- 


fornia Academy of Sciences Expedition in 1906. 

Darwin Bay where the Nourmahal anchored, 
is a deep, sea-filled crater, bordered for the 
most part, by high vertical cliffs. It is of even 


more interest than the crater anchorage of 


Tagus Cove.\, It was unfavorably known to the 
whalers who went there before the middle of 
the last century \in search of tortoises but-never 
found any. 


Charles Island :-—-The Néirtathial anchored ' 


for a short time at \Blackbeach Road for the 
purpose of securing specimens of an entirely 
spineless cactus discovered there by the writer 
in 1928. The large group~of.this cactus had 
entirely disappeared and the loose. earth,/ about 


it had become a rolling place of wild donkeys. 
_It was not even possible _to—get cactus roots. 


The spineless cactus may have been/ originally 
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Salt Lake in great crater, 
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abundant on Charles Island where there was a 
settlement of Ecuadorians nearly a hundred 
years ago. It is possible that it has been ex- 
terminated by the numerous wild cattle and 
donkeys whose ancestors were introduced at 
that time. The writer had requests from Ari- 
zona and southern California for information 
respecting the cactus as a forage plant and 
greatly regrets its disappearance. Fortunately, 


the plants he secured in 1928 and left with 
the Department of Plant Industry at the Canal 
Zone are growing and may later be available 
for cultivation. Our search for other masses of 
this cactus was extended over a wide territory 
without success. It may be rediscovered by 
future explorers in some rough territory in this 
island that is not accessible to wild cattle and 
donkeys. 

Cocos Island :—This fascinating and at pres- 
ent, unhabited island was visited during—the 
return voyage. Our collectors sectred repre- 
sentatives of the few—peculiar birds and rep- 
tiles existing-there. 

Unlike the nearly waterless Galapagos it is 


densely covered with tropical vegetation to its 


greatest heights and has strongly flowing 
brooks. It was the abundant supply of fresh 
water that attracted the many nineteenth cen- 
tury whaling vessels whose names are carved 


Albemarle Island. Two miles south of T: 
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on the rocks about the watering places. It was 
easy to identify most of them as whalers, from 
numerous whaling records in my possession. 


phon 1817, the warshi 
sought refuge.—There were names of men from 


JL 


__—-New Bedford, Nantucket, Boston, Marblehead 


and other early whaling ports. There were 


also the names of a few warships. 


- more than a mile in diameter. Black lava flow in foreground. 


After leaving Cocos Island the Nourmahal 
stopped for a day’s fishing at the Perlas 
/(slands, off Panama and the Tortugas Islands 
ott Hlorida: 

The cruise of the Nourmahal to the Gala- 
pagos, commenced at Miami, Florida, on March 
23, was finished at New York on May 2. Prac- 
tically all of the objects for which the vessel 
sailed, were attained. The return to New York 
marked the conclusion of a voyage during which 
the members worked together in harmony, en- 
joying all the facilities afloat and ashore, that 
an interested and generous host could provide. 

Messrs. Roosevelt, Cutting and Hay, all ex- 
perienced explorers, took hold of the mountain 
work with energy. Mr. Astor, Dr. Pool and 
Mr. Huntington caught tuna and other large 
oceanic fishes in numbers, more than sufficient 
for the entire ship’s company. Dr. Svenson’s 
piles of pressed plants and Dr. Chapin’s cases 
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of bird skins testify to their activities. Messrs. 
Bronson and Sanborn, assisted” at times by 


mere fraction appears in this Bulletin. Captain 
Klang and the officers and“crew of the Nour- 
mahal rendered most efficient help whenever 
called upon. The writer cherishes warmly all 
memories of the voyage of the Nourmahal and 
the hearty company on 
board. 
Preservation of the 
Galapagos Fauna:—An 
attache of the Consulate 
of Ecuador in New 
York has requested my 
opinion as to what 
steps should be taken 
by the Ecuadorian gov- 
ernment for the preser- 
vation of the animal life 
of the Galapagos Isl- 


ands. Several parties 
of naturalists have 
visited these islands 
during recent years, 


with the result that the 
forms of life indigenous 
there have become more 
generally known. 

The gentleman also 
made inquiry as to whether a scientific as- 
sociation, such as the New York Zoological So- 
ciety, would be interested in undertaking the 
supervision of some method of conservation 
that might be found desirable. It is true that 
the animal life of these islands is of world-wide 
scientific interest, although at present of no 
commercial value. 

The giant land tortoises from which the 
islands derived their name were originally so 
abundant that they constituted an important 
food resource for more than two centuries, when 
the natural supply became exhausted. 

The peculiar fur seal (Arctocephalus philip- 
pu) of the Galapagos Islands, also formerly 
abundant, is probably near extinction as none 
have been seen during recent years. There are 
before me a few records accounting for 17,485 
fur seals taken at the Galapagos Islands be- 
tween 1816 and 1897. The numbers taken 
since 1887 have been small. It is known that 
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large numbers were 
killed during the early 
part of the nineteenth 
century. Fur seals were 
found about most of the 
islands and many were 
killed in caves. 

The land 
which is still used for 


food has 


from 


iguana 


disappeared 
several of the 
islands. 

The marine iguana, 
also a food species, is 
now rare about islands 
long inhabited. 

There is little doubt that the confiding land 
birds have suffered diminution in number as the 
result of the introduction of cats. Their fear- 
lessness renders them an easy prey and their 
nests are as a rule in low shrubs. The large- 
billed finch, one of the most interesting of the 
finches of Charles Island has not been found 
since it was discovered by Darwin in 1834. The 
introduced pigs, dogs, cats and rats now abun- 
dant in the wild state, have affected the native 
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Pacific Green Turtle (Chelonia virgata), Narborough 
Island. Now in N. Y. Aquarium. 
Photograph by C. L. Hay. 
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birds and reptiles to a 
serious extent. 

The difficulties  at- 
tendant upon the reduc- 
tions. Of wthese sapesis 
would be very great. 
The islands 
flicted by 
large, rugged and near- 
ly waterless. It is pos- 
Sole win at 
would increase in num- 
bers if the pests that 


devour their eggs and 
could be held 


poison- 


most af- 
them are 


tortoises 


young 
in check by 
ing, shooting and trapping. 

An important move for the preservation of 
tortoises would be prohibition of their removal 
from the few islands where they are still to be 
found. This is especially desirable in the case 
of Duncan and Hood islands, where few re- 
main. These islands, never inhabited, are still 
free from enemies of tortoises. The two distinct 
species belonging to Duncan and Hood islands 
should be preserved for the double purpose of 


Marine Iguanas (Amblyrhynchus cristatus). 


Narborough Island. 
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Flightless cormorants. Narborough Island. 
Photograph by C. H. Townsend. 


their value as food animals and their scientific 
interest. 

The extinction of an animal useful to man is 
always deplorable. After the early navigators, 
the buccaneers, the sealers and the whalers, 
working through a long period of time, had 
exhausted the more acces- 
sible supplies of tortoises, 
the making of tortoise oil 
was continued by the set- 
tlers. Their practice was to 
remove the fat only, reject- 
ing the carcasses, being un- 
able to utilize any large 
number of food. In many 
places in’ the interior the 
ground is covered with the 
whitened shells of great 
numbers of tortoises killed 
for this purpose. 

lit Une 
tortoise oil from Albemarle 
Island were prohibited the 
supply of tortoises avail- 
able for food might be pre- 
served indefinitely for the 
use of the natives. 

ihemtortorse sot Charles 
Island (Testudo galapago- 


exportation of 
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Flightless Cormorants (Nannopterum harrisi). 
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ensis) has long been ex- 
tinet. This island could 
readily be stocked with tor- 
toises from, Albemarle Isl- 
ae (Clesrad o 
Charles Island is at present 
uninhabited. 


than ten miles in diameter 


vicina ). 


Being less 
and having fresh water 
springs not difficult to reach, 
it would probably be the 
most desirable island of the 
group for a wild life refuge. 
Objections to other islands 
would be their large size, 
and the difficulty of protect- 
ing them and controlling in- 
troduced pests, the lack of 
water on smaller islands, 
and the presence of settle- 
ments on others. 

Briefly, methods of conservation should in- 
clude protection of all remaining species of tor- 
toises, the prohibition of sealing, the introduc- 
tion of the land iguana on islands where pigs 
and dogs do not exist, the protection of the 
flightless cormorant and the penguin, and the 
control of pests. 


Narborough Island. 
Photograph by C. H. Townsend. 
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The Commodore cuts down cactus leaves for tortoise food. 


The Mountain Party on Indefatigable Island 


Kermit RoosEvELtT 


NE of the objectives that Dr. C. H. Town- 

send had suggested for the Nourmahal 
Galapagos Expedition was the penetration of 
Indefatigable Island, the interior of which was 
practically unknown. 

Four years ago at the instigation of the Nor- 
wegian Consul in Guayaquil, a party of some 
thirty-five Norwegian settlers came out to the 
Galapagos with the purpose of establishing a 
fishing industry, using Indefatigable Island as 
their base of operations. For one reason or an- 
other, all save two of the colonists have left 
the Island. Most of them have obtained work 
on the South American Continent, only a hand- 
ful have returned to Norway. 

The two men that have remained are still en- 
gaged in fishing, and in spite of the remoteness 
of their market (for their fish is disposed of in 
Ecuador) they are doing better than they feel 
they could do in Norway. 


Dr. Townsend had planned landing at Acad- 
emy Bay in the hope of securing the assistance 
of any of the possible remnants of the Nor- 
wegian colony. It was determined that the in- 
terests of the Expedition could best be served 
if, in addition to Dr. Townsend, Messrs. Hay, 
Chapin and Svenson should also land, so that 
they might make a reconnaissance of the Island 
in entomology, ornithology and botany, their 
respective specialties. | 

Cutting and I went ashore with them in or- 
der to cut out trails to the interior, and to do 
any other work which would have as its pur- 
pose enabling the naturalists to put in the max- 
imum amount of their time collecting, and a 
minimum amount of unremunerative tasks. 

When we landed, we found the two cabins 
and the fish cannery which the Norwegians had 
built were deserted. We had no method of 
telling when they had last been occupied, or 


Vol. xxaiii, No. 4 


NEW 


On the trail to the tortoise country. Robert Huntington, 
foreground, and the Norwegian fisherman. 


where their owners might be. We had heard, 
however, that three or four miles inland there 
was a plantation where the colonists grew fruit 
and vegetables. After casting about, we struck 
a trail which appeared to go in a direction that 
might lead to the plantation, so Cutting and I 
decided to follow it. 


_ Water presented an awkward problem, for on 
Indefatigable you were entirely dependent on 
rain. From the Nourmahal a supply had been 
landed in carboys. We also found a good deal 
of water in rain butts which had been placed 
under the eaves of the cabins by the Norwe- 
gians. This water, however, was only suitable 
for cooking purposes. 
Armed with machetes and 
with our canteens slung over 
our shoulders, we set off 
along the trail. Much labor 
had been spent in its con- 
struction, for it pursued an 
undeviating course through 
one of the most uncompro- 
mising bits of jungle it has 
Gver ee my lon to See. 
Huge boulders of volcanic 
rock lay in confused masses 
on either hand. Cactus of 
different varieties was inter- 
spersed between them, while 
the tangled mass of creepers 
and miconium presented a 
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barrier through which one 
could only have proceeded 
at the veriest snail’s pace 
were it not for the trail. In 
several places there were 
fissures in the rock. Drop- 
ping stones into them, we 
found them to be of great 
depth. No air circulated, 
and within a few minutes we 
were as drenched as if we 
had plunged into the sea. 


After traversing this low 
coastal jungle for half an 
hour, we ascended an abrupt 
escarpment and for the first 
time were able to see far- 
ther than a few feet on either hand. Look- 
ing back we caught a glimpse of the sea and 
its nearness formed a disheartening commen- 
tary on the speed, or lack thereof, with which 
we had been traveling. 

The jungle now opened out and there were 
pleasant glades with great trees. In another 
half hour’s walking, we practically passed out 
of the cactus belt and found ourselves in a mi- 
conium forest. Along the trail we twice came 
across bits of tortoise shell, encouraging us to 
believe that one of the main objects of the 
landing party stood a fair chance of attainment. 

We had got a late start, so the shadows soon 
began to lengthen and we realized that unless 
we were prepared to pass a waterless night in 


A rest on the way to the tortoise country. 
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Refreshment along the way. 


the jungle, we would have to turn about. We 
had proved nothing, for we could find no trace 
of anyone having recently passed over the trail. 


By the time we got back to the coastal belt 
we had become unpleasantly aware of the pres- 
ence of mosquitos, and when we rejoined our 
companions we found them busily engaged in 
repelling attacks. The insects increased in num- 
bers momentarily, and we hurried through a 
very brief supper. 


To add to our miseries, we had not been able 
to take any steps toward rigging our mosquito 
nettings, and we now found that the cabins 
were deficient of any sort of appliances to aid 
us. It is not difficult to foretell an unpleasant 
mane, (Cooma, As — ine 
crawled into his blankets, 
happened to pick out from 
among the folds by the 
licht sor miss sclectxic vorch 
the most enormous centi- 
pee It mye ever seem. Isle 
measured fully six inches. 
With great skill Hay intro- 
duced him into one of his 
collecting tubes, but the in- 
cident left each of us with 


rather an uncomfortable 
feeling of possible bed- 
ellows. I pitched my net 


outside until I was driven in 
by a sharp shower, and I am 
certain that the combined 


July-August, 1930 


sleeping of all seven of us 
would not have amounted to 
a reasonable night’s sleep 
for one of us. 


The next morning we set 
out again. Hay and Sven- 
son volunteered to accom- 
pany us and bring a large 
canteen of water which 
could be left on the trail, so 
that if we pushed on and 
found no water, we would 
have something to fall back 
upon. We went along for 
half an hour beyond the 
point which we had reached 
on the previous day, and then our companions 
turned back. Chapin continued with us, and 
within an hour we came out into a clearing. 
Never have I seen larger banana trees nor more 
luxuriant sugar cane; indeed everything seemed 
to thrive. There were papaya and guava trees; 
coffee also appeared to adapt itself most ex- 
cellently to the conditions. The first living 
thing to greet us was an old roan pony who 
quite obviously had thrived on his diet of ba- 
nanas and sugar cane. 

We threaded our way through the plantain 
grove. I was in the lead when of a sudden I 
caught a fleeting glimpse of an Indian dodging 
off into the shelter of a clump of banana trees. 
I shouted to him in Spanish, proclaiming the 


Doctor Pool bandages a sprained ankle in the tortoise country. 
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Doctor Pool uses a rope to measure the circumference of 
a tortoise too heavy for transportation. 


fact that we were friends, and rather sheepishly 
he came forth. 


He had not spoken to anyone for a good 
many days, and as he afterward explained, the 
Norwegians knew so little Spanish that any 
conversation he held with them was of neces- 
sity very primitive. His name was Elias San- 
chez, and he had spent thirteen years on Chat- 
ham Island. Why he had originally come to the 
Galapagos Islands we discreetly forebore to in- 
quire. Ecuador has used the Islands to some 
extent as a penal settlement, and the old rule 
concerning curiosity that holds good in so many 
frontier communities, is well worth observing. 


When once friendly rela- 
tions had been established, 
the flow of Elias’s Spanish 
knew no bounds, and he sup- 
plied us with much interest- 
First and 
foremost we inquired for 
the whereabouts of the Nor- 
wegians and were told that 
they were away fishing. 
Sanchez believed that we 
could find them along the 
shores of Barrington Island 
lying some fifteen miles off 
of Academy Bay. 


We had abandoned the 
heavy packs that we were 
carrying a number of miles 


ing information. 
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Too big to be carried away. 
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back in order to make better 
speed in our search for the 
plantation. Chapin was suf- 
fering from a cramp, so Cut- 
ting, Sanchez and I returned 
for the loads after refresh- 
ing ourselves with some 
stalks of sugar cane and a 
few bananas. 


The was much 
overgrown, and it was no 
light task stumbling along 
under the weight of our 
packs. It was dusk when 
we reached the single room 
cabin that the Norwegians 
had built as their country 
residence. It stood on ten foot stilts, and in the 
open space below Sanchez conducted his kitchen. 
He was living on the land, which meant a fruit 
diet, but he did have with him a sack of coffee. 
He roasted some beans and made a brew of 
what he called “mountain coffee.” It was black 
and bitter, but I never remember enjoying a cup 
more. We found the attention of the mosquitos 
in the cabin distinctly disagreeable, but Sanchez 
told us that once we were upstairs we would be 
free of them. During the course of our ascent, 
Cutting fell through a step near the top, for 
the wood was badly dry rotted. 


trail 


Although at first exceedingly skeptical, we 
found Sanchez’s prediction true, for in spite of 
the fact that the moonlight streamed through 


In the tortoise country, Indefatigable Island. 
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the chinks and knot holes, so long as we kept 
the door shut no mosquitos entered. Cutting, al- 
though unable to offer any explanation, said 
that he had noticed the same phenomenon be- 
fore, and could only hazard the remark that 
mosquitos were conventionally minded. 

The next morning we had a chance to see 
the plantation, and to fully appreciate the luxu- 
riant growth. The soil 
must be immensely rich, 
depending as it does en- 
tirely upon rainwater. 
In addition to bananas 
and plantains and sugar 
CAG, where Were jer 
payas and guava trees. 
The oranges were not 
yet bearing, and San- 
chez was engaged in 
clearing away the jun- 
gle from among the cof- 
fee bushes which he 
said would bear 
twelvemonth. A family 
of pigs was living in the 
banana grove and ap- 
peared to thrive on their 
fruit diet. Some chick- 
ens had been introduced 
by the Norwegians, but 
they were far more wild 
than the island birds 
and were so lean and 


in a 


scrawny that, as San- 
chez pointed out, no 
one would wish to eat 
them in any event. 

Sanchez was very 
scornful of the Norwe- 
gians’ qualifications as 
farmers. He said that 
they might be all right 
as fishermen, but they 
certainly knew nothing 
about the soil and were quite useless when they 
tried to help him in getting the plantation into 
shape. 

As far as we could see, about the only tool 
he had with which to carry on his agricultural 
labors was a machete. In the back blocks of 
South and Central America the machete means 
to the native what the camel does to the desert 
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Sanchez in everyday dress. 
tortoise collecting— 


“The uniform ’e wore 

Was nothing much before 

and rather less than ’arf 
of that behind.’’ 


Photograph by Kermit Roosevelt. 
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Arab or the yak to the Tibetan. He needs no 
beast of burden for transport or for food. 
With his machete he hacks his way through the 
jungle and fells the palm tree for food, or 
plants his mandioca in the little clearings. 

Having started back to the Coast, the last 
sight we had of Sanchez he was busy clearing 
away the heavy jungle that had swarmed in 
upon the coffee plants 
and would soon, if not 
checked, have once 
more reclaimed from 
man the whole of the 
little plantation. 

Hay had christened 
the small settlement on 
Academy Bay as 
“Hangman’s Rest,’ be- 
cause of a_ gibbet-like 
derrick at the landing, 
and when we got back 
there we found that our 
companions had _ been 
having a very lively 
time of it with the mos- 
quitos. Long before 
dark they would come 
out in their myriads and 
from then until well on 
in the morning living 
was not worth while. 
The different types of 
mosquito oil which we 
possessed seemed only 
to stimulate their ap- 
petites. 

It had been arranged 
that the Nourmahal 
would return to learn 
what progress had been 
made, and the next day 
at noon she arrived. We 
set off immediately to 
look for the two Nor- 
wegians and found them just where Sanchez 
had predicted they would be. They were sail- 
ing in a small boat that had been brought out 
from Norway by the Expedition. Taking their 
craft in tow, we returned to Hangman’s Rest. 

The two men were lean and sunburned. They 
had been living very light and our advent was 
most welcome. Neither of them spoke enough 


Ecuadorian helper in 
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English to be of much assistance, but one did 
speak a little Spanish, and while we were on 
board the Nourmahal, there was no lack of in- 
terpreters among the crew. Commodore Astor 
soon made arrangements that one. of them 
should join us in the attempt at reaching the 
interior, while the other took Sanchez and went 
in search of tortoises. 


It seemed better to give them both a com- 
fortable night aboard ship before setting out. 
Their new found friends among the crew took 
them off and outfitted them anew. Even more 
than the cuisine of the Nourmahal the Norwe- 
gians enjoyed the beer we had taken on at 
Panama. 


Our new friends, Edvardsen Stampa and 
Gordon Wold, assured us that they could take 
us into the tortoise grounds on the morrow, but 
warned us that it would be a long day’s trek, 
nor were they wrong about this. An hour’s 
walk along the trail to the plantation brought 
us to where we turned off for the “galapago” 
grounds, for Galapagos means tortoises and the 
natives when going off to kill these animals for 
their meat and oil, say they are going to “gala- 
pago.” | 

It was easy enough to get lost, for you could 
only see a short distance in any direction, and 
everything looked exactly the same with no 
outstanding landmark of any description. Our 
friends told us that eight months previously a 
party of the colonists on Chatham Island had 
gone over and killed a number of tortoises. In 
blazing their way they had not stuck to the 
Norwegians’ trail, so that we were soon in a 
maze of blazes, and then not long afterward, 


Hay recognized a tree which proved that we | 


had made a complete circle. We would have 
been in difficulties had 
compasses. Steering a course by these we hit 
off the pool of dark water which Edvardsen 
said was the center of the tortoise grounds. 


it not been for our 


As we reached it, he pointed to one of the great 
reptiles making off through the undergrowth 
in cumbrous fashion. We could only estimate 
its weight, but we put close in the neighborhood 
of three hundred pounds. Cutting took some 


motion pictures and the rest of us tried our 
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hand at stills. We could not linger long if we 
hoped to get back by dark, and the prospects 
of a waterless night in that jungle were not 
alluring. Before we had gone far, Astor slipped 
on a rock, giving his ankle a very nasty sprain. 
Fortunately he was able to hobble along on it, 
and when it got steadily worse Dr. Pool 
strapped it up enabling him to continue. It was 
seven o'clock by the time we reached the shore, 
and the flesh pots of the Nourmahal were thor- 
oughly appreciated. 


The next morning Astor sailed off in search 
of penguins and flightless cormorants and other 
fauna of the Islands, while the landing party 
returned to Hangman’s Rest. Each man loaded 
on his back whatever he thought he would 
need in the way of food and equipment for the 
next five days, and we started off up the trail 
to the plantation, “Fortuna” the Norwegians 
called it. The farther we got inland, the less 
simple to navigate became the trail, and al- 
though we had cut down to the barest necessi- 
ties, our packs were heavy. The first glimpse 
of the banana grove was a welcome sight. San- 
chez departed for the tortoise grounds with the 
horse which we had seen on our first arrival, 
but Wold stayed with us. — 


There were two cabins at Fortuna, standing 
No one had 
been to the farther one since the departure of 
the balance of the colonists, and so thoroughly 
had the jungle claimed its own that it took an 
hour’s steady work with machetes before we 
hacked our way to the deserted hut. Four of 
us in line were wielding our machetes and the 
man behind me misgaged his distance, giving 
me a whack on the calf of my leg that I at first 
thought had half severed it, but some energetic 
first aid on the part of my companions set things 
pretty well to right. 


five or six hundred yards apart. 


The next day Chapin was busy collecting 
birds and Svenson was equally active making 
botanical specimens, while Cutting, Hay, Wold 
and myself set out to cut a trail up the moun- 
tain. It was very hard work, and most discour- 
aging after toiling interminably to still hear 
the crowing of the half wild fouls at Fortuna. 
We followed up the dry bed of what in the rains 
is a raging torrent. The heat was suffocating, 
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The Nourmahal in Wafer Bay, Cocos Island. 
Lofty cataract beyond foremast. 


for no breeze stirred through the tangled vines 


and creepers. 


At nightfall we were back with the others at 
the cabin. We found that it took us five times 
as long to hack our way through the jungle as 
it did to return over our trail for the same dis- 


tance. 


Both Chapin and Svenson had spent a suc- 
cessful day. What most strikes a visitor to the 
Galapagos is the lack of fear shown by the wild 
life of the Islands. Cooper’s lines on the “Soli- 
tude of Alexander Selkirk” 


through your head 


constantly run 


“The beasts that roam over the plain 
My form with indifference see 

They are so unacquainted with man 
Their tameness is shocking to me.” 


It seems particularly strange that domestic 
animals such as goats and dogs and chickens 
that have gone wild should invariably be so 
wary of man, while the natives of the Islands 


show no fear. 


The Galapagos hawks are particularly tame. 
We came up under them as they perched on 


branches of trees, and if you poked a pole at 
their feet, you could make them get off the 
branch on to the pole. I saw one sitting with 
a flycatcher and a mocking bird on branches 
close by in the same tree. This confidence was 
sometimes misplaced, for not long after I came 
upon a hawk devouring the remains of a mock- 
ing bird. We saw hawks stooping at chickens 
more than once, but judging from the ease with 
which the fowl evaded them, it must have proved 
a fruitless pastime for the hawks. 


The two succeeding days we continued to 
hew our way up the mountain side, at length 
coming out on a ridge twenty-one hundred feet 
above sea level. Along the trail we saw many 
native mice and collected several snakes. The 
last day both Chapin and Svenson came with 
us and brought back what they found of inter- 
est in fauna and flora. We had constant showers 
which made it most uncomfortably slippery, but 
in compensation filled with water the holes in 
the rocks and relieved our anxieties anent 
thirst. The jungle teemed with mosquitos and 
it was a bedraggled and much bitten group that 
wended their way back to I’ortuna from the last 
day’s climb. 
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To add to our discomforts, we found that the 
pigs had in some manner got hold of the rem- 
nants of our supply of bacon, and with true 
cannibalistic propensity had made a meal of it. 
The next morning we gathered our scanty be- 
longings, and with greatly lightened packs 
That 


much _ bitten, 


headed down trail for Academy Bay. 
afternoon a grimy, unshaven, 
and hungry landing party boarded the Nour- 
mahal in a condition to whole heartedly appre- 


ciate its kindly welcome. The compassionate 
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Townsend hurried ashore with a bottle of lini- 
ment to anoint the bruised ankles of the gallant 
pony that had carried the heavy tortoises so 
Bidding the 
Norwegians and Sanchez good-bye, we up- 
anchored and headed North with more than a 
twinge of regret to think that our visit to the 
Galapagos was at an end. Temporary discom- 


many weary and thirsty miles. 


forts are not long remembered when the rough 
country explored leaves the mind filled with 
matters of unusual interest. 


Where the brook meets the sea. 


Chatham Bay, Cocos Island. 
Photograph by Kermit Roosevelt. 


The Vegetation of Indefatigable Island 


Henry K. SveENson 


HE fragrant breeze on approaching In- 

defatigable Island was an indication of our 
good fortune in arriving at the height of the 
flowering season. Though from a distance the 
coastal region, with its great cacti, had the 
same charred aspect as Chatham and Barring- 
ton Islands, the highland interior through a 
glass presented bright patches of color with 
sinuous lines of vegetation, instead of the up- 
land grassy slopes reported on the other high 


island. On landing we found everything in 
full bloom, though the flowers, as previous vis- 
itors have observed, were decidedly inconspic- 
uous. Here and there the dreary landscape 
was enlivened by the sulphur-yellow flowers of 
Cordia bushes, the bloom of tall cotton bushes, 
and the white masses of a clematis-like Cardio- 
spermum clambering over the shrubbery. De- 
ciding on a collection of Cordia flowers, I 


spread drying papers on a little sandy spot in 
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the brilliant sunlight and soon was startled by 
a wonder in this region, rain. In fifteen minutes 
the shower was over. 

About us were isolated bushes from five to 
fifteen feet in height; brittle branches of Lan- 
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radendron henslovii, a species later found 
abundantly in the moist interior. Here in the 
gritty brown soil were Telanthera bushes of 
at least four distinct species, and a host of 
small prostrate plants, insignificant in appear- 


Cascade, Cocos Island. Photograph by C. L. Hay. 


tana peduncularis exhaling a strong tarry smell 
from small white flowers and gray foliage, and 
the narrow-leaved form of Croton bush with 
its white bark. Upon the branches of a small 
Croton tree clung the thick green leaves and 
pulpy white berries of a native mistletoe, Pho- 


ance but of great interest to a botanist. The 
abundant. Cenchrus grass proved wholly in- 
nocuous, so different from the spiny-burred spe- 
cies on our Atlantic Coast. There was no shade 
except that cast by a large Mancinella tree; a 
beautiful tree with shiny pear-like leaves and 
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Nourmahal in Darwin Bay, Tower Island. Cactus growing around top of this crater 
anchorage is peculiar to Tower Island (Opuntia helleri). 


low overhanging branches but one of the most some places where the twisted and long-rang- 
poisonous in the tropics. The milky juice raises ing Cryptocarpus shrubs joined in the growth 
blisters and the attractive yellowish-green fruit, and spiny Acacia trees were interlaced, prog- 
of crabapple size, makes it a dangerous object. ress under the broiling sun was nearly impos- 
Some of the early Spanish explorers believed sible, often with the added danger of deep 
that they had found apples in the New World, crevices and tumbling fragments of lava. 


and ate them with fatal results. 


fabulous stories as to the 
deadly effect of the tree 
upon all those who came 
within its shade. There 
seems, however, to be no 
question of its poisonous 
quality when touched. The 
tortoises, according to Stew- 
art’s observation, eat these 
fruits as well as cactus 
spines seemingly without 
any annoyance. 

In general, walking was 
not so difficult at Academy 
Bay provided one _ kept 
hands and shoulders clear 
of Cactus and kept away 
from the hawthorn - like 
Discaria bushes. But in 


Thus arose Proceeding inland the ground became firmer 


Dusky Gulls (Larus fuliginosus). Tower Island. 
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Fork-tailed gulls (Creagrus furcatus). Tower Island. 
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dron molle, closely simulat- 
ing our swamp azalea (A. 
viscosa) both in habit and 
flower. A coarse grass (Se- 


taria) covered the ground 


and along the pathway were 
both yellow and pink-flow- 
ered leguminous vines, and 
the new species of Cissam- 
pelos (C. galapagensis) 
found by Stewart in 1905 
and so far as known re- 
stricted to Academy Bay. A 
seventy-five foot escarpment 
a half-mile inland gave a 
delightful view through 
Bursera trees to the blue 


Photograph by James P. Chapin. waters of Academy Bay and the roofs of our 
encampment. Its lava-block slope was covered 

and the direct sunlight broken by enormous with yellow flowers of wild tomato, purple pas- 
cactus trees rising to thirty or forty feet; Opun-  sion-flowers, and in crevices grew the strange 
tia with pad-like leaves and large yellow’ fern, Trachypteris pinnata, with broad un- 
flowers, Cereus with candelabra trunks and _ toothed basal leaves and ordinary fern leaves 
small white flowers gleaming at their summits. above, an adaptation well suited to withstand 


Feathery Bursera trees were intermingled, and the dry weather. 


in hollows appeared the shrubbery Cleroden- A gradual ascent of 200 feet brought the 


Booby (Sula) Tower Island. 
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Man-o-War birds greeting the Nourmahal. 
Tower Island. 


cactus to an end, its place taken by a luxuriant 
and beautiful growth of leafy trees (Psidium, 


‘Pisonia, and the queer tree-composite, Scalesia). 


Grass gave way to a dense tangle of vines 
climbing among the fragrant heliotrope bushes 
and ascending the trees, and to mats of a small 
blue-flowered Commelina and a reddish Jus- 
ticea. Upon tree trunks 
perched ferns and fleshy 
Peperomias, with hanging 
white and purple flowered 
clusters of the splendid lit- 
tle orchid, Jonopsis, and 
dangling festoons of ab- 
sorbing roots of Pareira 
vine (Cissampelos pareira). 

Suddenly at 700 feet we 
came upon a partly aban- 
doned plantation, with rich 
black soil of great depth, ex- 
tremely fertile, with groves 
of banana trees obscuring 
the sunlight, and a great 
area of squashes, elephant 
ears (Colocasia), sugarcane 
and coffee. The second 
growth about this planta- 
tion was murderous to get 
through, consisting of close- 
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ly interwoven Psychotria 
bushes, prickly-ash trees 
(Zanthorylum), bush net- 
tles (Urera), and tall ferns. 
The real ascent soon began. 
Damp rocks and overhang- 
ing cliffs were carpeted 
with numerous species of 
ferns (maidenhair, spleen- 
worts, and filmy ferns) and 
a round-leaved chickweed 
(Drymaria), and three spe- 
cies of orchids were found 
all past flowering. At 1500 
feet appeared the first M:z- 
conia shrubs, resembling 
lilacs in growth, with 
handsome foliage and 
masses of purplish flowers 
and a_ prodigious growth 
Otesibemis, qh ackornes 
through an interminable thicket of these 
shrubs we reached above 2000 feet, where oc- 
casional glimpses into slightly open country 
showed Miconia dominating the whole upland 
southern slope of Indefatigable Island. Pre- 
liminary study places this shrub as Miconia 
robinsoniana, known very sparingly on the up- 
per regions of Chatham Island, and its dom- 
inance links the vegetation of the Galapagos a 


A tide pool view. Tower Island. 
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The conspicuous red and yellow crab. Abundant on the 


rocks. 


little closer to that of Cocos Island where Mi- 
conia-like shrubs are abundant. The undulat- 
ing lines seen toward the summit on our ap- 
proach to the island probably represent spaces 
filled with tall brake-ferns and _ occasional 
prickly-ash trees enveloped in a brownish moss, 
and teeming with epiphytic ferns and club- 
mosses. Here and there the soggy ground was 
covered with ferns or Lycopodium clavatum, a 
common club-moss of the eastern United States, 
or in a few sunlit places by small patches of a 
sedge (Scleria). Glimpses through the fog 
banks which almost continually settle down on 
this region seem to show the same general type 
of vegetation extending 
through the table land 
which forms the summit of 


Indefatigable. 


A. visit to the tortoise 
country where several small 
ponds were reported by Mr. 
Astor’s exploring party did 
not turn out to be as fruit- 
ful as had been anticipated. 
The grasses through which 
the tortoises wallowed and 
the aquatic plants duck- 
weed (Lemna) and water- 
ferns (Azolla), were all 
common plants widely dif- 
fused through the tropics. 


About these mosquito-in- 
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Man-o-War Bird (Fregata aquila). 


169 


fested pools were masses of 
Clerodendron bushes and 
Mancinella trees, and the 
grassy openings were sur- 
rounded with small prickly- 
ash and Acacia trees, and 
large cotton bushes. Clumps 
of yellow Cassia flowers 
now and then gave color to 
the desolate scene. 


The exotic vegetation of 
the island consists largely 
of weeds brought in by tor- 
toise hunters and colonists, 
and cultivated plants such 
as papayas, castor-oil 
bushes, squashes, etc., some 
of which will undoubtedly persist long after 
complete abandonment of the plantations. From 
my brief experience the vegetation of the 
coastal regions appears the most varied and in- 
teresting, and there is a startling difference 
between the similarly dry coasts of Academy 
Bay, Charles Island, and the north shore of 
Indefatigable. 


One of the most noteworthy finds was the 
discovery by Dr. Pool of the soft-leaved Bur- 
sera (B. malacophylla) on Daphne Island, pre- 
viously known only from a single collection 
made by Snodgrass and Heller on Seymour 
Island in 1899. A preliminary survey of the 
plants collected on Indefatigable Island shows 
that very few, if any, are actually new to sci- 


With red throat sac inflated. Tower Island. 
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ence, but that at least forty 
of the species have never 
previously been found on 
the island. Investigation of 
the jagged rocks which can 
be seen with a glass at the 
north edge of the tableland 
and of the isolated peaks in 
the center may perhaps yield 
something more. 


Growth and Age of 
Giant Tortoise 


A question frequently 
asked relates to the age at- 
tained by the giant tortoise. 
Little is known of the age 
of animals except in cases 
observed under conditions 
involving long continued captivity. There are 
three or four apparently authentic records of 
giant tortoise that were kept in semi-domesti- 
cation for periods exceeding 140 years, when 
they died soon after being removed to cold 
climates. 

More is known of tortoise growth in captiv- 
ity. A twenty-nine pound Galapagos tortoise 


taken to California by Mr. Edmund Heller, 


Booby (Sula). 


Tower Island. 
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Man-o-War birds nesting. Tower Island. 


attained a weight of 415 pounds in fifteen years. 
The younger Galapagos tortoises in the colonies 
established along the southern border of the 
United States by the New York Zoological So- 
ciety, have in general doubled in weight each 
vear since 1928. The older specimens have 
grown less rapidly. 

The following record from Houston, Texas, 
showing growth for two 
years, may be taken as 


typical: 
Weight Weight 
Tag Lbs. Lbs. 
Numbers June 18, July 11, 

1928 1930 

90 1334 4A, 
91 10 39 
92 7 35 
93 8 ADS 
94 TR 39 
95 10 40 
96 12 61 
98 T34 AT 
99 10 46 
100 9 AT 
101 8 32 
102 8 28 
103 1014 40 
104 ian 166 
OTe, WGP “be. AOS 
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Galapagos Fishes of the Genus Pomacentrus. lLargest—above—from Seymour 
Island. At bottom, from Tower Island. Others from Tagus Cove, Albemarle Island. 
Many specimens of these fishes were brought alive to the New York Aquarium by 
the Astor Expedition. The preserved material has not yet been studied. 
Painted from life by Wilfred S. Bronson. 
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charmed with the penguins. 
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Short-eared Owl. Asio flammeus flammeus (Pont.). A species of wide distribution, 
found in many parts of the world. The following story, in which the bird figured 
played a leading part, was furnished by First: Assistant Engineer Harris, of the 
steamer Western Ocean: ‘“‘When the S.S. Western Ocean was, on October 38, 1930, at 
Latitude 23° 2’ N. Longitude 66° 53’ W. an owl was sighted close to the ship. We were 
about 800 miles north-east of Porto Rico at the time, and the only way in which we 
could account for the presence of the bird in that location was a small storm center 
that had passed there the day before and carried the bird from shore. The Chief 
Kugineer kept watch for the bird for a day and a half, and during that time he 
would only come on board for short periods of rest. He could not seem to keep 
going with these short snatches of rest, and by noon of the second day decided 
to make himself at home on one of the ventilators leading to the fire-room. The 
fireman on watch at the time heard a peculiar screeching noise and after vainly 
trying to locate it in the fire-room and meeting nothing but failure, decided to 
report it to some one with more authority than he had. After being notified, the 
Chief Engineer, hearing the noise and being a hunter of sorts, recognized the call 
of the owl and decided to catch it. Guns or poison being out of the question, a 
few yards of mosquito netting were used and after maneuvering behind the bird, 
it was successfully caught. 
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The Owls 


Lee S. CRANDALL 


Illustrations from photographs in the collections of the New York Zoological Society, 
made by Edward R. Osterndorff, except as noted under the cuts. 


Y the ancients, owls were regarded with 

superstitious dread. This feeling still per- 
sists among most savage peoples and also, un- 
fortunately, in many countries where modern 
enlightenment should long ago have suppressed 
it. This sense of fear and awe is derived, no 
doubt, from the apparently mysterious ways of 
owls—their nocturnal habits, their silent flight, 
their weird voices and their staring eyes. Some, 
as the barn owls, even add a strikingly human 
facial expression to their other qualifications 
as ogres. In reality, they are the most bene- 
ficial of gnomes, for their never-ending war on 
rats and mice renders us a priceless service. 

Owls make their homes in almost every part 
of the earth, from the polar regions to remote 
tropical islands. While the characters of owls 
separate them so distinctly from other birds that 
they are recognized at sight by almost every- 
one, there is much specific variation within the 
group, and well over four hundred forms have 
been described. 

Competition for food amongst the various 
groups of birds is very keen, and most of the 
owls have become adapted for hunting at night. 
A few, such as the snowy owl, the hawk owl 
and the burrowing owls, are diurnal, and the 
barred owls are partly so. But the majority 
spend the bright hours of daylight dozing in 
hollow trees or in dense cover, and become 
active only at the approach of dusk. ‘This is 

the time when many small creatures on which 
owls feed begin to move about, and owls have 
many specializations to aid in capturing them. 


The eyes are proportionately large and the 
pupils capable of being greatly distended, so 
that advantage may be taken of even the faint- 
est glimmer of light. Moreover, the eyes are 
so placed that they are capable of a greater 
degree of convergence than is to be found 
amongst any other birds. The general belief 
that owls are quite blind in daylight is, of 
course, quite untrue, for the birds are able to 
see perfectly well. I once saw a captive barred 
owl, on a bright, sunny day, gazing intently at 
the bottom of its cage, ten feet below. I ex- 
amined the floor carefully to find the object 
of his attention, but for some time I could detect 
nothing. Eventually, I found that he was 
watching an unfortunate earthworm, which was 
wriggling in a concrete pool, beneath more 
than a foot of water. 

Many species, such as the eagle owls, horned 
owls and screech owls, wear two long tufts of 
feathers or “ears” on the head. ‘These append- 
ages appear to have no connection with the 
sense of hearing since others, as the barn owls 
and barred owls, are equally sensitive to sound. 
In the stillness of dusk in marsh and woodland, 
the faintest squeak of the tiniest mouse is in- 
stantly detected. For the real ears, hidden 
beneath the plumage of the head, are large and 
well developed. In the barn owls, the ear 
openings are very large and provided with a 
fleshy flap. The long-eared and short-eared 
owls have the advantage of ears that open in 
opposite directions—one upward and the other 
downward. In the little saw-whet and its re- 
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latives, this specialization of the ear has been 
carried so far that the shape of several bones 
of the skull has been modified. 

The silent flight of the owls is made possible 
by the fact that the feathers of the wings—and 
of the entire body, for that matter—are pro- 
vided with soft, velvety surfaces, which act as 
mufflers. This provision, of course, is of the 
greatest advantage for the stealthy movements 
which are necessary if the owl is to have good 
hunting. 

In most owls, the color of the plumage is a 
neutral gray or brown, so streaked and mottled 
that the bird, in its natural surroundings, is 
very difficult to observe. During the daytime, 
the truly nocturnal species try earnestly to 
efface themselves, and whether or not the ob- 
literative plumage is regarded as a direct adap- 
tation to this purpose, it certainly is an effective 
means of protection. Any one who has seen a 
screech owl with his body drawn erect, his 
feathers compressed to the smallest possible 
circumference, his raised ears extended to fine 
points, and his eyelids closed to mere slits, will 
understand how a small bird, hunting a thicket 
for insects, might overlook his enemy of the 
evening. ‘This daylight precaution on the part 
of the owl is largely due to his dread of dis- 
covery by his small victims. Once a sparrow or 
a warbler has sighted an owl during the daytime, 
the role of hunter and quarry is reversed.’ In 
response to the alarm notes of the spy, the bird 
population of the neighborhood is immediately 
aroused to hysteria, and sucly a din of shrieks 
and cries is raised, that more powerful enemies 
are likely to be attracted to the scene. 

The food of owls consists principally of 
small mammals, birds, frogs, fishes and insects, 
each species having its own special preferences. 
The barn owl, for instance, feeds principally 
on mice, eked out with insects and occasional 
small birds. The great horned or eagle owls, 
strongest and fiercest of the tribe, may kill 
animals as large as lambs and birds to the size 
of turkeys. During the winter months, horned 
owls sometimes make their homes in the Zoo- 
logical Park and make havoc among our out of 
door collections until they can be suppressed. 
Early in 1919, our water fowl suffered severely 
from the attacks of a mysterious marauder, 
many ducks and geese, and even a black swan, 
being numbered among the victims. Their out- 
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raged keeper spent several nights on guard but 
never could find the culprit. At length, as he 
was passing the Pheasant Aviary on his rounds, 
he saw a pair of great, luminous eyes blazing 
at him from the top of the trellis work. He 
could see nothing else, but he fired at the point 
where he judged the body of the owner of the 
eyes should be and down came a tremendous 
owl. It later proved to be an artic horned owl, © 
a member of a very pale race from the far 
north, and the first record of its occurrence in 
New York State. Its remains now repose in 
the American Museum of Natural History. 

The fishing owls of Asia and Africa feed 
largely on fishes. In them, the lower legs or 
tarsi, are bare of feathers and the toes are 
armed with small spikes or “‘spiculae,’ useful 
features for a fisherman. 

The voice of owls vary from the loud “Hoo- 
hoo-hoo” of the horned owls to the weird yells 
and screams of the barred owls. The barn owl, 
in addition to its louder calls, utters, in moments 
of alarm, a loud, wheezing hiss. 

On one occasion, three young barn owls, 
about half grown, were brought to the Zoo- 
logical Park. Because feeding at frequent in- 
tervals was necessary, the young owls were 
placed in a large covered basket, which was 
kept in the keepers’ room at the Large Bird 
House. That night, a Negro watchman, enter- 
ing the rooms on his rounds, was greeted by a 
terrifying “whoosh!” from the startled owls. 
To this day, the watchman declares the Bird 
House to be inhabited by “ha’nts” and always 
enters it by a circuitous route, which does not 
include the keepers’ room. Many tales of 
haunted buildings must have started 
similar manner. 

While owls are shy and secretive birds, their 
nocturnal habits give them a great advantage 
in resisting the encroachment of man on their 
domains. In the outskirts of New York City, 
the screech owl still persists as a breeding bird. 
On May 27, 1930, a brood of newly hatched 
barn owls was discovered in an empty water 
tank on the roof of a foundry at 138th Street 
and East River, New York. Hardly a winter 
passes in which the Zoological Park is not 
visited by barred or great horned owls, usually 
with resultant loss to us. Long after the hawks 
have succumbed to the constant persecution that 
besets them, the owls will continue to thrive. 
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Javan Fishing Owl. Ketupa ketupa (Horsf.). As their name implies, the fishing 

owls feed largely on aquatic creatures, including fish, frogs and crustaceans. They 

do not, however, disdain either birds or mammals, when these are easily obtainable. 

This species is found from Cochin +e and the Malay Peninsula to Java and 
orneo. 
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Giant Eagle Owl. Bubo bubo bubo (Linn.). Beside the typical form, found only 
in Europe, six other subspecies are recognized, extending from Spain to China. Of 
these, only the very pale Siberian Eagle Owl (Bubo bubo sibiricus) has been 
represented in the collections of the Zoological Society. 
Photograph by Elwin R. Sanborn 
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Great Horned Owl. Bubo virginianus virginianus (Gmel.). The horned owls are 
the largest of the group found in the United States. They are fierce and powerful, 
feeding largely on small game and poultry. The birds pictured represent the 
eastern form, which is found from southern Canada to Texas. 
Photographs by Elwin R. Sanborn 
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Arctic Horned Owl. Bubo virginianus wapacuthu (Gmel.). About twenty forms of 

Bubo virginianus are recognized, ranging from the Arctic Region to Patagonia. 

In this subspecies, which breeds from northern Canada to Manitoba, the ground 
color of the plumage is white. 
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Pacific Horned Owl. Bubo virginianus pacificus Cassin. This western representative 
of the horned owls is smaller and darker than the eastern bird. It is found from 
southern Oregon to central Arizona. 
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Dusky Horned Owl. Bubo virginianus saturatus Ridgway. Both the common and 
technical names of this bird suit it well, for in color it is the darkest of all the 
horned owls. It inhabits the Pacific coast. from northern California to Alaska. 
Photograph by Elwin R. Sanborn 
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Milky Eagle Owl. Bubo lacteus (Temm.). The great size of this bird and its soft- 

toned gray plumage mark it as among the finest of all thexowls. It is further 

distinguished by its dark irides, in contrast to the hard, yellow orbs of most of 

its congeners. The Milky Eagle Owl inhabits most of Africa, from Senegal to the 

Cape Province, except for the heavy forest regions of the west, but it is nowhere 
common. 


185 


*‘SHOJUIM YAO XK MON SULINP IN900 UdyJO 7eYy 
Soinjeloduloy MOT BY} 07 JUSLIYIPUL SI }I ‘aSsuvr SPT JO JSOUL yNoYSsnoiyy spreaord yeyy oyvuuyo peoido.y oyy 
JO oYds Ul “UOTJeT[OO ino UL pepNfour oq 0} palyy oy} A[UO st syderZ0qoyd vsoy ul poinsy ueulloeds 
oy} pue AyIAdvO UI o1RIt Usveq SABMTe SB SoToeds SIU], “(UlUla],) $naj0nD)7 OQng “[MOQ 2z[8eq AXTIN 


September-October, 1930 


Z 
fl 
H 
a 
J 
) 
Ss 
aa) 


Vol. xxxiti, No. 5 


NEW YORK ZOOLOGICAL SOCIETY 


Snowy Owl. Nyctea nyctea (Linn.). The Snowy Owl nests in the circumpolar 

regions, moving southward during the winter. In the United States, it has been 

recorded as far south as Texas. This owl is diurnal in habit, hunting and feeding 

during daylight hours. It is extremely swift on the wing and is said to be able 
to capture ducks in flight. 


187 


188 383 [Op Jy) Je 10) GP Ie ony September-October, 1930 


Spectacled Owl. Pulsatrix perspicillata perspicillata (Lath.). Immature. When 
in the largely white body plumage of youth, this is the most strikingly colored of 
the owls. The species is found in South America, north of the Amazon, as well as in 
eastern Panama. 
Photograph by Elwin R. Sanborn 


Vol. xxxiii, No. 5 NEW YORK ZOOLOGICAL SOCIETY 189 


Spectacled Owl. Pulsatrix perspicillata perspicillata (Lath.). Adult. In the adult 
plumage, the coloration of the Spectacled Owl is almost reversed, but while much 
of the sharp contrast is lost, the bird remains extremely handsome. This tropical 
species thrives in captivity and has lived with us for long periods. 
Photograph by Elwin R. Sanborn 
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Adult Screech Owl. Otus asio naevius (Gmel.). The Screech Owl is essentially a 
sedentary bird, which no doubt accounts for its persistence, as well as for the 
many subspecies into which it has been divided. About fourteen forms are now 
recognized, ranging from New Brunswick and Ontario to Mexico and Lower 
California. 
Photograph by Elwin R. Sanborn 
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Barred Owl. Strix varia varia (Barton). As owls go, this is a rather fearless and 

confiding species, so that it has suffered, perhaps more than other owls, from 

thoughtless sportsmen and others, who shoot it on sight. It is undoubtedly an 

extremely beneficial bird, feeding largely on rodents. Hardly a winter passes 

without at least one Barred Owl being recorded as a. visitor to the Zoological Park. 
Photograph by Elwin R. Sanborn 
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Western Burrowing Owl. Speotyto cunicularia hypogaea (Bonap.). A_ typical 
feature of the western plains, this little owl is often found as a resident in colonies 
of prairie dogs. This association has given rise to the pleasant myth that the right- 
ful owners of the burrows, with both owls and rattlesnakes in the roie of guests, 
form a “happy family.’’ Unquestionably, both of the latter occupy the position of 
demons, rather than friends. 
Photograph by Elwin R. Sanborn 
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American Barn Owl. Tyto alba pratincola (Bonap.). Adult. Known commonly as 
the “‘Monkey-faced Owl,” this bird is found throughout the United States and 
Mexico, wintering south to Ecuador. It is an extremely secretive species, but 
occasionally living specimens are captured, resulting in an immediate offer to the 
nearest zoo, of a “strange bird with a face like a monkey’s, which no one has 
ever seen before.”’ 
Photograph by Elwin R. Sanborn 
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European Barn Owl. Tyto alba alba (Scop.). This is the common Barn Owl of 
‘Europe. Its weird expression, loud call-notes and ghost-like flight, have made it 
; the subject of many fearsome beliefs and superstitions. 
Photograph by Elwin R. Sanborn 
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The Staff of the Expedition 


The staff of the second year of the Bermuda Oceanographic Expedition 
was as follows: William Beebe, John Tee-Van, Gloria Hollister, William 
K. Gregory, E. Newton Harvey, Otis Barton, EK. M. Bostelmann, Jocelyn 
Crane, Margaret Elliott, Llewellyn Miller, Helen Tee-Van, Virginia Ziegler, 
Howard Barnes, Perkins Bass, John Cannon, Jack Connery, Phil Crouch, 
Jack Guernsey and Patten Jackson. The work carried on by each will be 
indicated in a coming Bulletin, which will contain a résumé of the 
Zoological Society’s Second Expedition to Nonsuch in 1930. 
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Looking out through the six-inch, fused quartz window of the bathysphere, 800 feet 
below the surface. The water is blackish-blue; the electric light cuts sharply through 
the centre; a school of Silver Hatchet-fish (Argyropelecus hemigymnus) is passing. 
showing against the blue as isolated, moving groups of lights. and against the 
electric beam as silvery fish with great telescopic eyes. Painted by E. M. Bostelmann. 
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The Second Bermuda Oceanographic Expedition 


Thirteenth Expedition of the Department of Tropical Research 
of the New York Zoological Society 


WituiaM Berse, Director 


THE TEN HIGH LIGHTS IN 1930 
of the Department of Tropical Research 


1—T hat our deep sea work of 1929 was satisfactory to our sponsors. 


2—T hat it was completed without a deficit. 


38—That we now have a pressure depth gauge which accurately and minutely records the 


tume and course of any net from the surface down to one thousand fathoms and back 
again. 


4—That we were able to descend a quarter of a mile into the open ocean, to observe 
strange creatures, and to return safely. 


5—That we went through the hurricane of August 26th with a maximum of thrill and a 
minimum of damage. 


6—T hat of ten young enthusiasts on our staff this year every one made good in his or her 


field of work. 


7—That the Zoological Society, on our fifteenth birthday, has given us a new laboratory 
in the Zoological Park. 


8—That the Government of Bermuda abates nothing in its constant expression of warm 


friendship. 
9—That thus far we have drawn 976 nets and our last catalogue number was 19820. 


10—T hat we have been promised support for a third season’s work on Nonsuch. 
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CERTAIN day and hour and second are 
A approaching rapidly when a human face 
will peer out through a tiny window and signals 
will be passed back to companions, or to breath- 
lessly waiting hosts on earth, with such sentences 
as: 


“We are above the level of Everest.” 

““Can now see the whole Atlantic coastline.” 

“Clouds blot out the earth.” 

“Temperature and air pressure have dropped 
to minus minus.” 

“Can see the whole circumference of Earth.” 

“The moon appears ten times its usual size.” 

“We now———”’ etc. 


Both by daylight and by moonlight I have 
looked down on the earth from a height of over 
three miles, so I know the first kindergarten 
sensations of such a trip. But until I actually 
am fastened down into some futuristic rocket 
and start on a voyage into interstellar space, I 
shall never experience such a feeling of complete 
isolation from the surface of the planet Earth 
as when, a few months ago, I dangled in a 
hollow pea on a swaying cobweb a quarter of a 
mile below the deck of a ship rolling in mid- 
ocean. 

* * % % 

When I mapped out a quarter of a square mile 
in the British Guiana jungle for intensive study 
my activities were more or less confined to the 
two planes of space on the jungle floor. I could 
go ahead or backward or to either side, but 
upward I could only look through my glasses, 
or send shot hurtling through the branches to 
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bring down a bird or some creature of the trees. 
Occasionally I climbed laboriously up a tree- 
trunk on a ladder of driven spikes, or shot an 
arrow carrying a line over a lofty limb, later 
to be hauled up with a pulley and tackle for a 
period of brief observation. 

In our present deep-sea work off Nonsuch, 
the conditions are much the same but inverted. 
The tug Gladisfen can steam toward any point 
of the compass, but to gain knowledge and obtain 
specimens of the little-known life-zones beneath 
our keel, we can only lower weights on a wire 
and record the depth of the bottom; or reversing 
thermometers and automatically closing bottles 
for temperatures and tiny samples of water from 
deep down, or finally we can send down dredges 
and nets and bring up a modicum of life from 
bottom or mid-water. 

As far as actually descending ourselves, up to 
this year we have had to be content with donning 
a helmet and walking about arm in arm with a 
hoseful of air a few fathoms beneath the surface. 
This would be comparable to climbing among the 
branches of a fallen tree in the jungle. But we 
have recently descended far beneath the levels 
at which, up to the present time, human life has 
been possible. 

For more than a year Mr. Otis Barton and I 
have been in frequent consultation concerning 
the possibility of a steel sphere, large and strong 
enough to permit us to enter, keep ourselves 
alive, to descend into, and return from, the 
depths of the ocean. Many years ago I used 
to talk for hours with Colonel Theodore Roose- 
velt about such a plan, and I have a rough draw- 
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Captain Darrell, Dr. Beebe and Mr. Tee-Van on the upper deck of the Gladisfen. 

While the nets are being drawn. watch must be kept on the sea, sky, currents, the 

angle of the wire and its tension, and the ocean scanned for sargassum weed, 
dolphins, whales and giant squids. 


ing of a sphere which he made one evening at 
Sagamore Hill. We worked out many details, 
but never carried it to completion. 

For the inception and financing of the present 
sphere Otis Barton deserves full credit. He has 
devoted a great deal of time and money to it, 
while I could contribute only my belief and faith 
and the keenest interest in the scientific results 
of the adventure. I do not think that either of 
us ever for a moment thought of the possibility 
of failure; Barton’s faith was sustained by the 
mechanical knowledge of the great percentage of 
safety in the various details of the apparatus, 
and my hopes of seeing a new world of life left 
no opportunity for worry about possible defects 
in the means to the end. 

As the great metal chamber took shape, we 
found the need of a definite name. We spoke of 
it casually and quite incorrectly as tank and cyl- 
inder and bell. One day, when I was writing 
the name of a deep-sea fish—Bathytroctes—the 
appropriateness of the Greek prefix occurred to 
me: I coined the word Bathysphere, and the 
name has stuck. 


In April I took my staff to Nonsuch, opened 
the laboratory, got the tug Gladisfen into har- 
ness again, and was in full swing of shallow 
and deep-sea work by the time the sphere was 
ready for operation. We then joined forces and 
found that our various contributions to the 
attempt dovetailed perfectly together. 


Barton had the steel sphere, 3,500 feet of 
seven-eighths-inch non-twisting steel cable, a 
half mile of solid rubber hose containing tele- 
phone and electric light wires and the multitude 
of necessary extras. I was able to provide my 
great seven-ton Arcturus winch and sheaves, and 
the Gladisfen for towing out to sea, and my staff 
for cooperation in the actual working. The great 
open deck of the barge “Ready” had been fur- 
nished with a stout mast and yard, and two 
boilers for working the winches, and when the 
bathysphere was hoisted on board we were ready 
for action. I had the barge towed out and an- 
chored near Nonsuch, and then we watched sea 
and sky and barometer, praying for propitious 
weather. 
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A young gale blew itself out, and on June 3rd, 
We 
ran up the prearranged flag signal and the work- 
ing crew saw it from St. Georges and put out. 
On this day we only made a trial submergence 
with the bathysphere empty, to test the working 
of the crew and the whole apparatus. It was 
let down 2000 feet, and when brought up there 
were forty-five turns of the hose about the cable. 
These we freed after long and tedious work, and 


the sun rose on a calm, slowly heaving sea. 


as it afterward turned out, this tangling was due 
to the inevitable twists of the cable when first 
wound upon the drum. We devised a new sys- 
tem of clamps, and returned well satisfied with 
the condition of the bathysphere after its long 
downward journey. 


June 6th was the next calm day, and we were 
all on board at 7:30. The Gladisfen steamed 
close alongside, threw us the towrope and began 
pulling us steadily ahead. We left Nonsuch be- 
hind and describing a great curve around the 
reefs, headed out to sea through Castle Roads. 
The great jagged cliffs towered high on both 
sides, and on their summits the ruined battle- 
ments of the three forts frowned down upon us, 
as weather-worn as the cliffs themselves. I won- 
dered what old Governor Richard Moore would 
have said, three hundred and. odd years ago, 
leaning his elbows on the parapet, if he could 
have watched our strange procession steaming 
past. In all likelihood, the steaming part would 
have mystified and interested him far more than 
our chief object. 


As we cleared the outer head of Brangmans, 


we felt the first gentle heave and settling of the - 


swell of the ocean, and in a few minutes the 
foam-ringed mass of Gurnet Rock passed astern, 
and we steered south straight into the open sea. 
An hour later the angle of the two lighthouses 
showed that we were about eight miles off shore, 
with a generous mile of water beneath us. Choos- 
ing a favorable spot under such conditions is 
mucly like looking around and trying to decide 
on the exact location of the North Pole. I think 
it was Dooley who said that finding the North 
Pole was like sitting down on the ice anywhere. 
And so I felt when they all awaited my signal 
to stop. I looked about, could detect no unusu- 
ally favorable swell or especially satisfying 
wave, so I resorted to a temporal decision, and 
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exactly at 9 o’clock ordered the Gladisfen to stop. 
We headed up wind and up swell, and lowered 
the bathysphere again with only a motion picture 
camera inside. At a depth of fifteen hundred 
feet this was exposed by electricity and the 
sphere pulled up after an hour and a half sub- 
mersion. There was no twisting of the hose, the 
windows were intact, and only a quart of water 
in the bottom, 

We dried and cleaned it thoroughly, then put 
in the oxygen tanks, a shelf of calcium chloride 
for absorbing moisture, and another of soda lime 
for removing the excess of carbon dioxide from 
the air. I looked around at the sky and sea, and 
the boats and my friends, and not being able to 
think of any pithy saying which might echo 
down the ages, I did the next best thing—said 
nothing, crawled painfully over the steel screws 
of the fifteen-inch circle of the door, fell inside, 
and curled up on the cold, hard bottom of the 
sphere. This aroused me to speech, for I vividly 
realized the discomfort of an hour or more in 
such a position, and I called for a cushion. Otis 
Barton clambered in after me and we disen- 
tangled our legs and got set. I never realized 
how much room there was in the interior of a 
sphere four and half feet in diameter, and al- 
though the longer we were in it, the smaller it 
seemed to get, yet, thanks to our moderate phys- 
ique, we had room and to spare. At Barton’s sug- 
gestion I took up my place close to the windows, 
while he hitched himself up on the side of the 
door, where he could keep watch on the various 
instruments. He also put on the earphones. 


As pre-arranged, John Tee-Van took charge 
of the deck crew, and Gloria Hollister put 
on the ear-phones and arranged the duplicate 
control electric light so that she could watch 
it. She dictated all our messages direct to an 
assistant who took them down and later trans- 
cribed them unchanged. At our signal, the four 
hundred pound door was hoisted and clanged 
into place, sliding snugly over the ten great steel 
bolts. Then the huge nuts were screwed on. If 
either of us had had time to be nervous, this 
would have been an excellent opportunity—car- 
rying out Poe’s idea of being sealed up, not all 
at once, but little by little. For after the door was 
screwed on there remained a four-inch round 
opening in the center through which we could see 
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and talk and just slip a hand. Then this mighty 
bolt was screwed in place, and there began the 
most infernal racket I have ever heard. It was 
necessary, not only to screw the nuts down hard, 
but to pound the wrenches with hammers to 
take up all slack. I was sure the windows would 
be shattered, but having forcibly expressed our 
feelings through the telephone we gradually got 
used to the ear shattering reverberations. Then 
utter silence settled down, and I breathed upon 
and cleaned my six-inch quartz window. I could 
see a narrow section of the scurrying about on 
deck, and as we rolled I caught sight of the 
ultramarine sea and the Gladisfen dipping at 
the end of the slack tow rope. Faint scuf- 
fling sounds reached us now and then, and 
an occasional hollow beating. Then it seemed 
as if the steel walls fell away, and we were 
again free among our fellows, for a voice 
came down the half mile of wire coiled on 
the deck, 
that vocal connection seemed to restore physi- 
cal as well as mental contact. While waiting 
for the take-off, Barton readjusted the phone, 
tested the search-light, and opened the delicate 
He turned it until we both veri- 


and such is the human mind, 


oxygen valve. 
fied the flow as two litres a minute—that being 
sufficient for two people. JI remembered what I 
had read of Houdini’s method of remaining in a 
closed coffin for a long time, and we both began 
conscientiously regulating our breathing, and 
conversing in low tones. 

Another glance through my port-hole showed 
Tee-Van looking for a signal from old Captain 
Millet. I knew that now it was actually a pro- 
pitious wave or rather a propitious lack of one 
for which they waited. Soon Millet waved his 
hand, and exactly at one o’clock the winch 
grumbled, the wire on the deck tightened, and 
we felt our circular home tremble, lean over, and 
lift clear. Up we went to the yard-arm, then a 
half-score of the crew pulled with all their 
might and swung us out over the side. This all 
between two big heaving swells. We were 
dangling in mid-air and slowly we revolved until 
I was facing in toward the side of the Ready. 
And now our quartz windows played a trick on 
us. Twice already, in an experimental sub- 
mergence we had not gauged correctly the roll 
of the ship or the distance outboard and the 
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sphere had crashed into the half-rotten bul- 
Now as I watched, I saw us swing and 
my eyes told me that we were much too close, 
and that a slightly heavier roll would crash us, 
windows first, into the side of the vessel. Barton 
could not see the imminent danger, and the next 


warks. 


message I got was “Gloria wants to know why 
the Director is swearing so.” By this time we 
had swung far out, and I realized that every 
word which we spoke to each other in our tiny 
hollow chamber was clearly audible at the other 
end of the wire. I sent up word that any lan- 
guage was justifiable at such gross neglect as to 
allow our window to swing back and forth only 
a yard from the boat. And very decisively the 
word came back that fifteen feet was the nearest 
it had ever been, and we were now twenty-five 
feet away. Barton looked out with me and we 
could hardly believe our eyes. Fused quartz 
is the clearest, the most transparent material in 
the world, and my apologies must have cost us 
several litres of good oxygen. 


To avoid any further comment on our part, 
profane or otherwise, we were lowered twenty 
feet. I sensed the weight and sturdy resistance 
of the bathysphere more at this moment than at 
any other time. We were lowered gently but 
we struck the surface with a splash which would 
have crushed a rowboat like an eggshell. Yet 
within we hardly noticed the impact, until a 
froth of foam and bubbles surged up over the 
glass and our chamber was dimmed. We swung 
quietly while the first hose clamp was put on the 
cable. At the end of the first revolution the 
great hull of the barge came into view. This 
was a familiar landscape, which I have often 
seen from the diving helmet—a _ transitory, 
swaying reef with waving banners of seaweed, 
long tubular sponges, jet black blobs of ascid- 
ians and tissue-thin plates of rough-spined pearl 
shells. Word came down, and the keel passed 
slowly upward, becoming one with the green | 
water overhead. 

With this passed our last visible link with the 
upper world; from now on we had to depend 
on distant spoken words for knowledge of our 
depth, or speed, or the weather or the sunlight, 
or anything having to do with the world of air 
on the surface of the Earth. 
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Young of unknown species of deep-sea fish, armed with long, sharp spines. These 
soon drop off, and the fish assumes a more normal appearance. These young fish 
are one-quarter of an inch in length. Painted by E. M. Bostelmann. 
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A few seconds after we lost sight of the hull 
of the Ready, word came down the hose that we 
were at fifty feet, and I looked out at the bril- 
liant bluish green haze and could not realize 
that this was almost my limit in the diving hel- 
met. Then “100 feet” was called out, and still 
the only change was a slight twilighting and 
chilling of the blue. As we sank slowly I knew 
that we must be passing the 132nd foot level, 
the depth where Commander Ellsberg labored 
so gallantly to free the men in the Submarine 
S-57. ‘200 feet’? came and we stopped with 
the slightest possible jerk and hung suspended 
while a clamp was attached—a double gripping 
bit of brass which bound the cable and hose 
together to prevent twisting. Then word came 
down that all was clear and again I knew that 
we were sinking, although only by the upward 
passing of small motes of life in the water. 

We were now very far from any touch of 
Mother Earth; ten miles south of the shore of 
Bermuda, and one and a half miles from the 
sea bottom-far beneath us. At 300 feet, Barton 
gave a sudden exclamation and I turned the 
flash on the door and saw a slow trickle of water 
beneath it. About a pint had already collected 
in the bottom of the sphere. I wiped away the 
meandering stream and still it came. There 
flashed across my mind the memory of gentle 
rain falling on a window pane, and the first 
drops finding their way with difficulty over the 
dry surface of the glass. Then I looked out 
through the crystal clear quartz at the deep 
blue, and the contrast closed in on my mind like 
the ever deepening twilight. 

Two minutes more and “400 feet’ was called 
out; 500 feet came and passed overhead, then 
600 feet where we remained for five minutes. 
The electric searchlight now became visible. 
Heretofore we could see no change whatever in 
the outside water when it was turned on, but 
now a pale shaft of yellow—intensely yellow— 
light shot out through the blue, very faint but 
serving to illuminate anything which crossed it. 
Most of the time I chose to have it cut off, for 
I wanted more than anything else to see all that 
I could of the luminescence of the living crea- 
tures. 

Now when I cupped my face in my hands, 
and stared and stared out, I began to see what 
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a strange illumination the water at this depth 
possessed. In fact, the most amazing thing, 
that which endured most vividly in our memory 
was the color. My companion kept exclaiming 
at its brilliance and saying he could read by it, 
and while the general sensation reported by my 
excited optic nerves urged me to agree with 
him, yet my mind told me it was not true. I 
brought all my logic to bear, I put out of mind 
the excitement of our position in watery space 
and tried to think sanely of comparative color, 
and I failed utterly, I flashed on the search- 
light, which seemed the yellowest thing I have 
ever seen, and let it soak into my eyes, yet the 
moment it was switched off, it was like the long 
vanished sunlight—it was as though it never had 
been—and the blueness of the blue, both outside 
and inside our sphere seem to pass materially 
through the eye into our very beings. This is 
all very unscientific; quite worthy of being 
jeered at by optician or physicist, but there it 
was. I was excited by the fishes that I was 
seeing perhaps more than I have ever been by 
other organisms, but it was only an intensifica- 
tion of my surface and laboratory interest: I 
have seen strange fluorescence and ultra violet 
illumination in the laboratories of physicists: I 
recall the weird effects of color shifting through 
distant snow crystals on the high Himalayas, 
and I have been impressed by the eerie illumina- 
tion, or lack of it, during a full eclipse of the 
sun. But this was beyond and outside all or any 
of these. I think we both experienced a wholly 
new kind of mental reception of color impres- 
sion. I felt I was dealing with something too 
different to be classified in usual terms. 

Yet I find that I must continue to write about 
it, if only to prove how utterly inadequate lan- 
guage is to translate vividly, feeling and sensa- 
tions under a condition as unique as submersion 
at this depth. 

After a few minutes I sent up an order, put 
out the light and we knew that we were sinking. 
The twilight (the word had become absurd, but 
I could coin no other) deepened, but we still 
spoke of its brilliance. It seemed to me that it 
must be like the last terrific upflare of a flame 
before it is quenched. I found we were both 
expecting at any moment to have it blown out, 
and to enter a zone of absolute darkness. But 
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“Our Quarter-mile Dive; Shown in 


Upper: The Gladisfen towing the barge Ready out to sea. Photograph by Gloria Hollister. Lower: Deck 
of the Ready, showing the powerful lifting yard and the bathysphere. This, and the following photo- 
graphs by J. Connery. 
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Upper: Deck of the Ready, with electric engine. Gloria Hollister taking notes telephoned up from the 
divers in the bathysphere. Lower: Bathysphere ready for the deep descent, with the flags of the 
Explorers’ Club and of the Tropical Research Department of the New York Zoological Society. 
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Upper: The bathysphere poised over the water with Beebe and Barton inside, ready for one of the deep 
sea dives. Lower: The Arcturus winch and the heavy cable, with John Tee-Van in charge 
of the deck crew. 
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Upper: The bathysphere is on its way up and the cable is being wound in over the winch; the electric 
hose drawn in by hand. Lower: We get our first glimpse of sunshine again as the great steel ball 
breaks the surface, 
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Upper: On deck again after the quarter-mile dive, I peer out through the crystal clear window. 
Lower: The four-hundred-pound door is unscrewed and we breathe natural air again. Yet after two 
hours of being sealed tight in a four-and-a-half-foot chamber, our artificial atmosphere was fresh. 
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Upper: Our emergence from the bathysphere is somewhat like the progression of seals. We were fright- 
fully stiff from curling up on cold steel for so long a time. Lower: We hope another year to go down 
to a half-mile and remain there for hours. 


Vol. xxatti, No. 6 NEW YORK 
only by shutting my eyes and opening them 
again could I realize the terrible slowness of 
the deepening shade. On the earth at night in 
moonlight, I can always imagine the yellow of 
sunshine, the scarlet of invisible blossoms, but 
here, when the searchlight was off, yellow and 
orange and red were unthinkable. The blue 
which filled all space admitted no thought of 
other colors. 

We spoke very seldom now. Barton examined 
the dripping floor, took the temperatures, 
watched and adjusted the oxygen tank, and now 
and then asked “What depth now?” “Yes, we're 
all right.” “No, the leak’s not increasing.” 
“Its as brilliant as ever.” 

And we both knew it was not as brilliant as 
ever, but our eyes kept telling us to say so. It 
actually seemed to me to have a brilliance and 
intensity which the sunshine lacked; sunshine, 
that is, as I remembered it in what seemed ages 
ago. | 

“800 feet’? now came down the wire and I 
ealled a halt. There seemed no reason why 
we should not go on to 1000; the leak was no 
worse, our palm leaf fans kept the oxygen circu- 
lating so that we had no sense of stuffiness. Yet 
some hunch, some mental warning which I have 
had a half dozen critical times in my life spelled 
bottom for this trip. This settled, I concen- 
trated on the window for five minutes. 

The three exciting internal events which 
marked this first deep descent were, first the 
discovery of the slight leak beneath the door at 
300 feet, which steadily lessened as we went 
down: next the accidental wetting and_ short- 
circuiting of the electric light switch, with 
attendant splutterings and showers of sparks, 
which was soon remedied. The third was absurd 
for it was only Barton pulling out his palm-leaf 
fan from between the wall of the sphere and the 
wire lining of one of the chemical racks. I was 
wholly absorbed at the time in watching some 
small fish, when the sudden shrieking rasp in the 
confines of our tiny cell gave me and the listener 
at the other end of the telephone wire all the 
reactions which we might imagine from the 
simultaneous caving in of both windows and 
door! After that, out of regard for each other’s 
nerves, we shifted position and carried on our 
various duties silently. 
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We reached the deck again just one hour after 
our start, and sat quietly while the middle bolt 
was slowly unscrewed. We could hear our com- 
pressed air hissing outward through the threads 
until finally the bolt popped off, and our ear- 
drums vibrated very slightly. After a piece of 
boiler-factory pounding the big door finally 
swung off. I started to follow and suddenly 
realized how the human body could be com- 
pletely subordinated to the mind. For a full 
hour I had sat in almost the same position with 
no thought either of comfort or discomfort, and 
now I had severally to untwist my feet and legs 
and bring them to life. As for the cushion, I 
found it reposing on one of the chemical racks, 
while I had sat on the hard cold steel in a good- 
sized puddle of greasy water. I bore the dis- 
tinct imprint of a monkey wrench for several 
I followed Barton out on deck into the 
glaring sunshine, whose yellowness can never 


days. 


hereafter be as wonderful as blue can be. 

While still upside down, creeping painfully, 
sealion-wise, over the protruding circle of bolts, 
I fancied that I heard a strange inexplicable 
When I stood up, I found 
it was the screeching whistles on the boilers and 
the deeper toned siren of the Gladisfen giving 


ringing in my ears. 


us, all to ourselves, a little celebration in mid- 
ocean. The wind was right and my staff on 
Nonsuch ten miles away saw the escaping steam 
through the telescope binoculars, later heard 
the sound faintly, and knew that we had made 


our dive and ascent in safety. 


Four days later we were able to put to sea 
again and sent the bathysphere down to 2000 
feet. By the judicious use of white lead we had 
effectively stopped the leak in the door, and 
there was no tangle or twist of hose. A tiny flaw 
which we had watched with suspicion on the 
outer rim of one of the quartz windows had not 
increased. The only novelty in the way of un- 
expected happenings after this two hours’ sub- 
mergence, was that about three feet of the hose 
had been forced inside the sphere. When this 
was rectified, Barton and I climbed inside and 
started enthusiastically for a deeper plunge. 
Everything went well until at 150 feet we began 
to experience bad static on the phone. A sen- 
tence would come through clearly and then only 
a mixture of spluttered words. It improved for 
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An elongated, deep-sea squid, with large, well-developed eyes, and round, orange 
lights on the tips of the longest arms. It is feeding on a school of lantern fish. 
Painted by E. M. Bostelmann. 
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a while, but at 250 feet Barton said “My God! 
the phone is broken.” It was a tragic exclama- 
tion, and I felt exactly as he did. The leak on 
our other trip, the short circuiting, the static 
today—these were all annoying but not terrify- 
ing, and as I have already mentioned, the sound 
of the human voice had, all unconsciously to us, 
been a much surer bond than the steel cable or 
the sturdiness of the sphere. We had neither of 
us felt before quite the same realization of our 
position in space as we did now. ‘The silence 
was oppressive and ominous, and our whispers 
Wave 
dark blue outside became cold and inimical. We 
did our best to signal with the searchlight, 
knowing that answering flickering must be re- 
flected in the checking bulb on deck. We felt a 
sudden weight beneath us and knew that we 
were being reeled swiftly to the surface. <A 


to each other did nothing to alleviate it. 


momentary delay came and we knew the single 
clamp was being removed. Some part of my 
brain worked steadily on and counted twenty- 
four jellyfish swimming past, and then we rose 
swiftly. As soon as the ascent first began my 
mind went to the people on deck, and I knew 
that they were getting the worst of this dive. 
As we shot into the air and over the bulwarks I 
caught a glimpse of Miss Hollister’s face, and 
that of one of the crew and I knew how little 
we had appreciated the strain of the last two 
minutes. I jammed my face as closely as pos- 
sible to the glass and assumed what I supposed 
was a reassuring grin, and the second attempt 
at a deep dive was over. A broken wire had 
caused the trouble, and eventually we had to 
cut off and throw away fifty fathoms of the hose. 


The next day, June 11, was a perfect one for 
our work, and we were able to take advantage 
of it and make our deepest descent, to a depth 
of 1426 feet, or well over a quarter of a land 
mile. When we went out in our launch to the 
Ready, we found there had been a fire on board 
in the night which had taken several hours to 
put out. The side and part of the aft gunwale 
had been badly charred, but no serious damage 
done, while the hose, winch, and sphere had 
escaped. With our ancient barge looking a little 
more than usual like a deserted hulk, we put to 
sea again. As there was a current and an out- 
ward set, this time I stopped at a point in the 
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ocean five miles south of Nonsuch, where former 
soundings had given us a depth of 750 fathoms. 

This was Dive Number Seven for the bathy- 
sphere, and we climbed in at 9:50 A. M. We 
had made a number of improvements since the 
first dive. The inside had been painted black 
so as not to interfere with observations. Barton 
had come to look upon his very greasy leather 
skull-cap as a mascot, so when he could not 
find it, the central bolt was unscrewed, and the 
Ready searched thoroughly for five minutes, 


We 


now had a special place for fans and monkey 


after which he found he was sitting on it. 


wrenches and I arranged a shelf for my note- 
book and pencil, specimens of scarlet crusta- 
ceans, and a book with type and plates to test 
the pseudo-brilliance of the light. The cushion 
was in its right place, and we had built a shield 
to shut out the lateral glare from the search- 
light. We had also learned to cover the chevauz- 
des-frise of bolts at the entrance with sacking, 
and so to soften the effects of our frantic wrig- 
glings in and out. The shackle of the cable had 
been shifted from the central to the posterior 
hole so that the sphere tipped slightly forward 
and downward when swinging free. This gave 
me a better outlook in a slightly oblique down- 
ward direction. The hose fastening on the 
sphere had been tightened so that there was 
less chance of our being smothered in its en- 
twining coils, which would have been an undra- 
matic, Laocoon ending. 


This time we took a chance on everything 
being in good order, and did not make an experi- 
mental submergence. We fastened the flag of 
the Tropical Research Department of the Zoo- 
logical Society and that of the Explorer’s Club 
to the bathysphere, and tied a very ancient squid 
wrapped in cheese-cloth just beneath the obser- 
vation windows. Dangling in front and just 
to one side was a cluster of luminous hooks 
attractively baited. With the searchlight ready 
to turn on, I felt that I had contrived all the 
attractions possible for luring deep sea fish 
within my observational zone. 


Barton and I were screwed and bolted in at 
10 o'clock, and four minutes later touched water. 
The surface was crossed with small wavelets, 
and three times before we were completely sub- 
merged the distant Gladisfen and the level 
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horizon were etched clearly on the glass, and as 
instantly erased by a green and white smother. 
We sank slowly and I peered upward and 
watched the under side of the surface rise above 
me. When the rush of silvery bubble-smoke 
imprisoned beneath the sphere had passed, the 
surface showed clear. From the point of view 
of a submarine creature, I should by rights call 
it the floor of the air, and not the ceiling of the 
water. Even when diving in the helmet I am 
always conscious of the falsity of calling the 
water wet when I am once immersed in it. Spray 
blows in one’s face and leaves it wet, but down 
below, the imprisoned air sailing upward, slips 
through one’s fingers like balloon pearls, dry, 
mobile beauty, leaving only a pleasant sensa- 
tion. 

And now I looked up at our vertical wake 
of thousands of iridescent swimming bits of air, 
and, for a moment, forgot whither we were 
bound. 

The boundary of air and water above me 
appeared perfectly solid, and like a slowly wav- 
ing, pale green canopy, quilted every where 
with deep, pale puckers—the sharp apexes of 
the wavelets above showing as smooth, rounded 
indentations below. The sunlight sifted down 
in long, oblique rays as if through some un- 
earthly beautiful cathedral window. The host 
of motes of dust had their exact counterpart in 
mid-water, only the general feeling of color was 
cool green, not yellow. The water was so clear 
that I could see dimly the distant keel of the 
Gladisfen, rolling gently. And here and there, 
like bunches of mistletoe hanging from a chan- 
delier, were clusters of golden Sargassum weed, 
with only their tips breaking through into the 
air. A stray berry went past my window and 
I saw an amusing likeness between its diminu- 
tive air-filled sphere and that which was at 
present my home. 

The last thing in focus of the upper world 
was a long, undulating sea serpent of a rope 
dangling down from the side of the Ready. 

We had asked to be lowered slowly. When 
less than fifty feet beneath the surface I hap- 
pened to glance at a large deep-sea prawn 
which I had taken for color experiment. To my 
astonishment it was no longer scarlet, but a 
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deep velvety black. I opened my copy of 
“Depths of the Ocean” and the plate of bright 
red shrimps was as dark as night: No wonder 
I thought of the light as cool. 

A few Aurelia jellyfish drifted past while 
we were sinking to 50 feet, and at 100 feet a 
cloud of brown thimble jellies vibrated by the 
window. These were identical with those 
which we had observed in vast swarms in Haiti. 
They are supposed to be surface forms, but 
here they were pushing against my window 
twenty fathoms down. ‘They were the first or- 
ganisms which showed that the fused quartz 
did away with all distortion. Full twenty feet 
away I could see them coming, and the knowl- 
edge of their actual size—that of a thimble— 
gave me a gauge of comparison which helped 
in estimating distance, size and speed of un- 
known organisms. 

I found that little things could change my 
whole mental outlook in the bathysphere. Up 
to this moment I had been watching the sur- 
face or seeing surface organisms, and I had 
focused so intensely upward that what was 
beneath had not yet become vivid. As the last 
thimble jelly passed, an air bubble broke loose 
from some hidden corner of the sphere, and 
writhing from the impetus of its wrenching 
free, rose swiftly, breaking into three just over- 
head, and the trio vanished. Now I felt the 
isolation and the awe which increased with the 
dimming of the light; the bubble seemed the 
last link with my upper world, and I wondered 
whether any of the watchers saw it coming, 
silver at first, then clothing itself in orange 
and red iridescense as it reached the surface— 
to break and merge and be lost forever. 

At 200 feet there occurred my first real deep- 
sea experience on this dive, something which 
could never be duplicated on the surface of the 
water. A six-inch fish suddenly appeared, 
nosed the bag of ancient squid and then took 
up its position close to the glass of my window, 
less than a foot away from my face. Some- 
thing about it seemed familiar, yet it was 
strange. In size, shape and general pattern it 
was very like a pilot-fish, Naucrates ductor. 
Twice it swam back to the delectable bait and 
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three times returned to where it almost 
diametered my circular outlook. Then I knew 
what the trouble was—it was the ghost of a 
pilot-fish—pure white with eight wide, black, 
upright bands. At 200 feet a pilot-fish could 
not be the color he is at the surface, and like 
Einstein's half-sized world, here was a case 
where only the faulty, transient memory of man 
sealed up in a steel sphere had any right to 
assert that under different conditions the fish 
would show many colors other than the dark 
upright bands. I am certain that the fish itself 
aided this pale appearance, for it has consider- 
able power of color change, but this was very 
different from the mere expansion and contrac- 
tion of dermal chromatophares. At 250 feet I 
saw the pilot-fish going upward. 

At 400 feet we found that we could just read 
ordinary print with an effort, and yet to the 
unfocused eye the illumination seemed very 
brilliant. I found that the two hours’ difference 
between 10 A.M. and noon, marking the two 
dives, Numbers 4 and 7, although both were 
made in full sunlight, resulted in fifty per cent 
less illumination at 10 A.M., than at noon. 

In the next few fathoms I saw schools of 
prawns and two strings of salpa, both appear- 
ing dead white. © 

At 500 feet a four-inch fish came into view 
and nosed the baited hook. It was almost trans- 
parent, the vertebrae and body organs being 
plainly visible, the eyes and the food-filled 
stomach the only opaque parts. Since making 
the dive I have twice captured this fish, the 
pinkish, semi-transparent young of the scarlet, 
big-eyed snapper. 

At 550 feet I found the temperature inside 
the bell was 76°, twelve degrees lower than on 
deck. Near here a big leptocephalus undulated 
past, a pale ribbon of transparent gelatine with 
only the two iridescent eyes to indicate its ar- 
rival. As it moved I could see the outline 
faintly—ten inches long at least, and as it 
passed close, even the parted jaws with their 
needle teeth were visible. This was the larva 
of some great sea eel. 

A few fathoms farther and I identified what 
looked like a host of brown bubbles as little 
flying snails, Cavolinia, which lived within a 
tissue shell with an outline like a heraldic 
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shield, and which flew through life with a pair 
of delicate rounded wings. I had seen them 
alive in the net hauls, but here they were at 
home in thousands. As they perished from old 
age or accident or what-not, their shells drifted 
slowly to the bottom, a mile and a half down, 
and several times when my net had accidently 
touched bottom it had brought up quarts of the 
empty, tinkling shells. 

As 600 and passed I saw 
flashes of light in the distance and at once 
turned on the search-light, but although the 
blue outside seemed dark, yet the electric 
glare had no visible effect, and we turned it off. 
The sparks of light and the distant flashes kept 
on from time to time showing the power of 
these animal illuminations. 


feet came 


650 feet: Several three-inch jellies passed, 
appearing jet-black. 

700 feet: I thought I saw some silver 
hatchet-fish, heliographing their silver sides, 
and later observation made this certain, but the 
glimpse made my eyes hungry for a nearer view. 
Shrimps and jellies drifted past like flakes of 
We had left the deck at 
ten o'clock, and twenty-five minutes later we 
had again reached our record floor—800 feet. 
This time I had no hunch—reasonable or un- 


unheard-of storms. 


reasonable—and three minutes later we were 
passing through a mist of crustaceans and 
flapping snails at 900 feet. We both agreed 
that the light was quite bright enough to read 
by and then we tried Pica type and found that 
our eyes showed nothing definite whatever. 
With the utmost straining I could just dis- 
tinguish a plate of figures from a page of type. 
Again the word brilliant slipped wholly free 
of its usual meaning, and we looked up from 
our effort to see a real deep-sea eel undulating 
close to the glass—a slender-jawed Serrivomer, 
bronzy-red as I knew in the dimly-remembered 

upper world, but here black and white. | 


At 1000 feet we had a moment’s excitement 
when a loop of black sea-serpenty hose swung | 
around before us, a jet-black line against black- 
ish-blue. Almost at once the sparks we had 
seen higher up became more abundant and 
larger. At 1050 feet I saw a series of luminous, 
coloured dots moving past, similar and yet in- 
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A deep sea fish (Chiasmodon niger) which has swallowed another (Omosudis) three 
times as long as itself. The jaws must be capable of complete dislocation to permit 


the passage of food of such great size. 


dependent. I turned on the search-light and 
found it effective at last. At 600 feet it could 
not be distinguished; here it cut a swath almost 
material, across my field of vision, and for the 
first time, as far as I know, in the history of 
scientific inquiry, the life of these depths was 
visible. My series of colored lights proved to 
be a school of silver hatchet-fish, Argyropelecus, 
from a half to two inches in length, all swim- 
ming steadily ahead. The marvel of the search- 
light was that up to its sharp-cut border the 
blue-blackness revealed nothing but the lights 
of the fish. In this species these burned stead- 
ily, and each showed a colorful swath directed 
downward—the little iridescent channels of 
glowing reflections beneath the source of the 
actual light. These jerked and jogged along 
until they reached the sharp-edged border-line 
of the search-light’s beam, and as they entered 
it, every hint of their own illumination disap- 
peared and they showed as spots of shining 
silver, revealing every detail of fin and eye and 
utterly absurd outline. The only effect of the 
yellow rays was to deflect the path of each 
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fish slightly away from their course. Like ac- 
tive little rays of light entering a new medium, 
the Argeros passed into the search-light at right 
angles to my eye and left it headed slightly 
away. With them was a mist of jerking ptero- 
pods with their tissuey shields, frisking in and 
out among the hatchet-fish like a pack of dogs 
around the mounts, 

My hand turned the switch and I looked out 
into a world of inky blueness where constella- 
tions formed and reformed and passed without 
ceasing. At this moment I heard Gloria Hol- 
lister’s voice faintly seeping through Barton’s 
head-phone, and it seemed as if the sun- 
drenched deck of the Ready must surely be 
hundreds of miles away. 

I used the searchlight intermittently, a by 
waiting until I saw some striking illumination 
I could suddenly turn it on and catch sight of 
the author before it dashed away. 

At 1100 feet we surveyed our sphere care- 
fully. There was no evidence of the hose com- 
ing inside, the door was dry as a bone, the 
oxygen tanks were working well and by occa- 


sional use of our palm-leaf fans, the air was 
kept sweet. The walls of the bathysphere 
were dripping with moisture, probably sweat- 
ing from the heat of our bodies condensing on 
the cold steel. The chemicals were working 
well, and we had a grand shifting of legs and 
feet, and settled down for what was ahead of us. 


Although I had not been able to see the 
forms of the illuminated hatchet-fish in the 
dark, yet a glance out of the window now 
showed distinctly several, rat-tailed Macrourid- 
like fish twisting around the bend of the hose. 
They were distinct, and were whollv new to me. 
Their profiles were of no Macrourid I had ever 
seen. As I watched, from the sides of at least 
two, there flashed six or more bright greenish 
lights, and the blinding effect on my eyes was 
such that the fish vanished as if dissolved into 
water, and the search-light showed not a trace. 
I have no idea of what they were. 

At 1200 feet there dashed into the search- 
light, without any previous hint of illumination, 
what I identified as Idiacanthus, a long, slender, 
eel-like form, which twisted and turned about 
in the glare, excited by some form of emotion. 
Twice it touched the edge and turned back as 
if in a hollow cylinder of light. I saw it when 
at last it left, and I could see no hint of its 
own light, although it possesses at least three 
hundred light organs. The great advantage of 
the electric light was that even transparent 
fins—as in the present case—reflected a sheen 
and were momentarily visible. 

From this point on I tied a handkerchief 
about my face just below the eyes, thus shunt- 
ing my breath downward and keeping the glass 
clear, and after doing this I realized that not 
only was I watching with every available rod 
and cone of both eyes, but I was unconsciously 
listening at what was going on outside the six- 
inch circle of quartz. 

At 1250 feet several more of the silver hat- 
chets passed, going upward, and prawns be- 
came abundant. Between this depth and 1300 
feet not a light or an organism was seen: it 
was fifty feet of terrible emptiness, with the 
blue mostly of some wholly new color term—a 
term quite absent from any human language. 
It was probably sheer imagination but the char- 
acteristic most vivid was its transparency. As 
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I looked out I never thought of feet or yards 
of visibility, but of the hundreds of miles of 
this color stretching over so much of the world. 
And with this I will try to leave color alone 
for a space. 

Around 1300 feet life again became evident 
but wholly luminous. After watching a hun- 
dred or more firefly-like flashes I turned on the 
search-light and saw nothing whatever. These 
sparks, brilliant though they were, were kindled 
into conflagration and quenched in the same in- 
Whatever made 
them were too small to reach my eyes, as was 


stant upon invisible bodies. 


almost the host of copepods or tiny crustaceans 
through which we passed now and then. At 
one time I kept the electric light going for a 
full minute while we were descending, and I 
distinctly observed two zones of abundance and 
a wide interval of very scanty mote-like life. 
When very close to the glass I could clearly 
make out the jerking movements of copepods, 
but they were too small to show anything more. 
The milky sagitta or arrow worms were more 
easily detected, the eye catching their swift dart 
and then focusing on their quiet forms. While 
still near 1300 feet a group of eight large 
shrimps passed, showing an indeterminate col- 
oration. We never took large shrimps at this 
comparatively shallow depth and I do not know 
what they were. 

Barton had just read the thermometer as 
72° when I dragged him over to the window to 
see two more Argyropelecus and what I had at 
last recognized as Cyclothones. These are the 
most abundant of deep-sea fish and we take 
them in our nets by the thousand. Flickering 
forms had been bothering me for some time, 
giving out no light that I could detect, and 
twisting and wriggling more than any prawn 
should be able to do. Just as my eyes had at first 
refused to recognize Pteropods by their right 
names, I now knew that several times in the last 
few hundred feet I had seen Cyclothones. In 
the search-light they invariably headed up- 
light, so that only their thin-lipped mouths_ 
and tiny eyes were turned toward me. 

Before Barton went back to his instruments, 
three squids shot into the light, out and in 
again, changing from black to barred to white 
as they moved. They showed no luminescence. 


Vol. xaxtii, No. 6 N Ew 

At 10:44 we were sitting in absolute silence, 
our faces reflecting a ghastly bluish sheen. I 
became conscious of the pulse-throb in my 
temples and remember that I kept time to it 
with my fingers on the cold, damp steel of the 
window ledge. I shifted the handkerchief on 
my face and carefully wiped the glass, and at 
this moment we felt the sphere check in its 
course—we felt ourselves press slightly more 
heavily on the floor and the telephone said 
“1400 feet”. I had the feeling of a few more 
meters descent and then we swung quietly at 
our lowest floor, over a quarter of a mile be- 
neath the surface. 


I pressed my face against the glass and 
looked upward and in the slight segment which 
I could manage I saw a faint paling of the 
blue. I peered down and again I felt the 
old longing to go further, although it looked 
like the black pit-mouth of hell itself—yet 
still showed blue. I thought I saw a new fish 
flapping close to the sphere, but it proved to be 
the waving edge of the Explorer’s Club flag 
—black as jet at this depth. 


My window was clear as crystal, in fact 
clearer, for fused quartz is one of the most 
transparent of all substances and transmits all 
wave-lengths of sunlight. The outside world 
I now saw through it was, however, a solid, 
blue-black world, one which seemed born of 
a single vibration—blue, blue, forever and for- 
ever blue. 

Once, in a tropical jungle, I had a mighty 
tree felled. Indians and convicts worked for 
many days before its downfall was accom- 
plished, and after the cloud of branches, leaves 
and dust had settled, a small white moth flut- 
tered up from the very heart of the wreckage. 
As I looked out of my window now I saw a 
tiny, semi-transparent jelly-fish throbbing 
slowly past. I had seen numerous jellyfish 
during my descent and this one aroused only a 
mental note that this particular species was 
found at a greater depth then I expected. 
Barton’s voice was droning out something, and 
when it was repeated I found that he had 
casually informed me that on every square 
inch of glass on my window there was a pres- 
sure of slightly more than six hundred and fifty 
pounds. The liitle moth flying unharmed from 
the terrific tangle, and the jelly-fish drifting 
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gently past seemed to have something in com- 
mon. After this I breathed rather more gently 
in front of my window and wiped the glass 
with a softer touch, having in mind the nine 
tons of pressure on its outer surface! 


However, it was not until I had ascended 
that the further information was vouchsafed 
me that the pressure of the water at our great- 
est depth, upon the bathysphere from all direc- 
tions was 6,732,469 pounds, or more concisely, 
33,666.2 tons. So far from bringing about an 
anticlimax of worry, this meant hardly more 
than the statement that the spiral nebula in 
Andromeda is 900,000 light years away. Never- 
theless I am rather glad that this bit of preg- 
nant information was withheld until I had re- 
turned to the surface. If I had known it at 
the time I think the two-tenths of a ton might 
have distracted my attention—that 400 pounds 
being fraught with rather a last-straw-on-the- 
camel’s-back significance. 


Like making oneself speak of earthrise in- 
stead of sunset, there was nothing but con- 
tinued mental reassertion which made the pres- 
sure believable. A six-inch Stomias passed— 
lights first visible, then three seconds of search- 
light for identification, then lights alone—and 
there seemed no reason why we should not 
swing the door open and swim out. The 
baited hooks waved to and fro, and the edge 
of the Explorer’s flag flapped idly and I had 
to call upon all my imagination to realize that 
instant, unthinkably instant death would re- 
sult from the least fracture of glass or col- 
lapse of metal. There was no possible chance 
of being drowned, for the first few drops would 
have shot through flesh and bone like steel 
bullets. 


The duration of all this rather maudlin com- 
ment and unnecessary philosophising occupied 
possibly ten seconds of the time we spent at 
1426 feet. 

Although the temperature registered only 72° 
yet the wall of the sphere was clammy and very 
cold to the touch and we distinctly felt the chill 
of this eternally sunless country. 


The return trip was made in forty-three 
minutes, an average of about a foot to a second. 
Twice during the ascent I was aware of one or 
more indefinite, large bodies moving about at a 
distance. On the way down I had accredited 
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The Avocet-billed Kel (Nemichthys scolopaceus). The adult is dark, the young 
quite transparent. Painted by E. M. Bostelmann. 
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this to an over-excited imagination, but after 
having the experience repeated on several deep 
dives I am sure that I did see shadowy shapes 
of large and very real living creatures. What 
they were I can only guess, and live in hopes 
of seeing them closer on some future descent. 


We stepped out of the bathysphere at 11:52 
after a submergence of almost two hours, with 
good air to breathe, perfect telephonic com- 
munication, and the memory of living scenes in 
a world as strange as that of Mars. 


which wholly evade description. 


The bathysphere being in perfect shape and 


mihe sea remaining calm, I let John Tee-Van 
and Gloria Hollister go down to a depth of 
410 feet where, at the threshhold of the zones 
of more dangerous pressures, they could realize 


and have always in memory the sensations 
They were on 


deck at 1:15 P. M. and we now sent the bathy- 
sphere down empty for an extreme test of 


2450 feet. 


On its return to the surface, with 
the exception of bad twists in the telephone 
hose, there was no noticeable defect. 


Our chief interest on this day of the deepest 
dive was naturally under sea, but as usual in 
this area which I have chosen for a three-years’ 
study, there was an abundance of life on and 
above the surface. Flyingfish of two species 
were abundant, and while we were drifting and 


manipulating the bathysphere, Portuguese men- 


o-war or Physalia passed us. A large. shark 
kept about the Ready but refrained from our 
hopeful expectation of allowing himself to be 
seen through the windows of the sphere. A 
school of dolphins passed, and at two o'clock a 
good-sized manta or devilfish flapped slowly, 
close across our bows, giving abundant oppor- 
tunity to memorize the exact pattern of black 
and white. Tropic-birds dipped down to look 
at us on their way to and from their Bermuda 
nests and in one spot eight shearwaters fought 
and screamed and fairly rolled over one an- 
other in a most undignified and unavian man- 
ner, as they strove for some tough-muscled 
food, probably a large squid, on the surface. 


Two immature herring gulls kept at a distance © 


from us as they do from Bermuda all winter. 


Although we did not voice it at the time and 
were usually quite unconscious of it, every 
descent put a rather severe strain on both the 
deck staff and ourselves. Now and then this 


YORK ZOOLOGICAL 


SOC Wee 225 
relaxed and we sent back and forth on the tele- 
phone somewhat infantile jokes. One of these 
ended in a surprise. We were at the bottom 
of an 800 foot level when Gloria Hollister sent 
down word that a gull was flying about the 
Ready, and a moment later said that it was a 
young herring gull. I relayed the information 
that I had made a note of it—qualifying thus 
as the first ornithologist who had ever made a 
submarine bird note, and then contradicted it 
by remembering that when diving in a helmet off 
Marlborough in the Galapagos I had recorded 
on my zinc tablet a passing visit from two pen- 
guins. 

To a question as to what was happening | 
retorted that two Ipnops had taken our hooks 
—this fish being one that we much desired 
but had not yet seen or taken. Down came 
the statement that one of the men had just 
scooped up a big deep-sea fish with his hands on 
the surface. JI jeered—and then, seeing a 
luminous fish, snapped into an excited account 
of what began to come into view. When we 
returned to the surface I was astonished to 
discover that the capture of the deep-sea fish was 
not a rather pointless joke but a fact. In 
some way a giant specimen of Myctophum 
affine had got mixed up with the sphere or 
hose, and had come to the surface somewhat 


damaged. It was the world’s record for size. 


The following week was too rough to go to 
sea and not until the eighth day, June 19th, 
did I think it wise to try another dive. On 
this day Barton and I made four dives, two 
in the open sea to a depth of 800 feet, and two 
over the insular shelf to depths of 120 and 
80 feet respectively. All were made with defi- 
nite objectives and we were successful in every 
respect. 


Dive Number 10 was devoted to constant 
spectroscopic and intensity records. I made 
eighteen observations from the surface to 800 
feet, and six on the way up, telephoning them 
direct to Miss Hollister. The accompanying 
colored plate is as close a reproduction as pos- 
sible of the diminishing spectrum, from the air 
to a depth of 800 feet. While, to a trained 
physicist, it will be recognized as only a replica 
of a spectrum seen through diminishing light, 
yet it is of interest as closely representing what 
my eye recorded beneath the sea. 
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As we plunged beneath the surface I un- 
limbered my small Zeiss spectroscope, adjusted 
the scale to bring the sodium line opposite its 
proper wave length number, and began to con- 
centrate on the limits of visibility at this top- 
most level, of the array of colors, spread out 
in the rainbow-like band of their natural order 
—red, orange, yellow, green, blue, indigo and 
violet. The intensity recorder was a cinophot 
intended for photographic exposure. The de- 
tailed records are given beyond, under the sys- 
tematic observations. There is of course little 
refinement about these notes, but on the spur of 
the moment J had to do what I could with the 
simple instruments at hand. In future descents 
to greater depths I shall arm myself with more 
accurate means of record. 


Just beneath the surface the red diminished 
to one-half its normal width. At 20 feet there 
was only a thread of red, and at 50 feet the 
orange was dominant. At 100 feet the orange 
was much narrowed, and had almost vanished 
at 150. At 200 feet there was no orange, faint 
yellow and less green than at the surface. At 
300 the whole spectrum was dim; the yellow 
almost gone, with a dirty brown edge toward 
the red end. The blue was much narrower. 
At 350 feet I should give as a rough analysis 
of the spectrum, 50 per cent blue-violet, 25 
per cent green, 25 per cent colorless pale light. 
At 400 feet the violet had completely taken 
the place of the blue. At 450 no blue remained, 
only violet and the faintest green, too faint 
for naming if I had not known what it had been 
at upper levels. At 700 feet there was no color 
detectable by either of us. 

Finally, at 800 feet the spectrum showed to 
the eye pale grayish-white, due of course, to 
the small amount of light passing to any part 
of my eye through the spectroscope. The 
brightness was very low and all ability to ap- 
praise the hue was gone, so I saw what I can 
only describe as grayish-white, which was no 
doubt, wholly subjective. It was a very nar- 
row area, not far from the middle of the spec- 
trum, about the 520th wave line, blurred, fad- 
ing out slowly toward the violet end, and much 
more abruptly toward the red end. Yet when 
I took my eye from the spectroscope and looked 
out and down, I saw only the deepest, black- 
est blue imaginable, a color which in the 
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spectrum had vanished four hundred feet above, 
overlaid and superseded by violet. 


In addition to intensity and color observa- 
tions I made complete notes on the fish and 
other organisms seen, and an hour after I had 
reascended safely, I made a second 800-foot 
descent, with the object of comparing biological 
notes in almost the same locality at similar 
depths, with only an hour intervening. ‘This 
comparison was of vital interest. 


Questions of time and of finances made it 
imperative that we could carry on only one 
more day, and rather than try to exceed our 
depth with apparatus which was showing signs 
of wear I determined to confine our final efforts 
to testing out the sphere in an entirely new 
phase of the work. In the four final dives I 
did what I might describe as contour diving— 
to steal an aviation term. I steamed in as 
close to the shore as I dared, then turned 
seaward and dived while the Ready drifted 
slowly away from land. As it turned out, the 
first two dives were probably the most fool- 
hardy things we could have done, for the sphere 
drifted backward, and from my window I could 
see only the bottom over which we had passed. 
If our projecting wooden landing gear had 
caught in a sudden rise of reef it would have 
gone very hard with us. As it was, I could 
only flatten my eyes against the quartz and 
try and adapt my elevation orders to what the 
contour promised. Once a crag passed eight 
feet beneath us and I had a most unpleasant 
moment while we were rushed up thirty feet. 


Early on the following day, June 20th, Bar- 
ton affixed a double wooden rudder of stationary 
boards, and during the two final dives we 
swung around and faced frontward. 

I sent the sphere down when the bottom was 
visible from the deck, and had the lead heaved 
constantly and telephoned to me, and so rapidly 
were my orders transmitted to the man at 
the winch that we rose and fell swiftly by 10 
to 30 feet, and so kept the bottom in clear view. 

The rapid and radical spectroscopic changes 
reflected the turbid coastal water as compared 
with that of the open sea, and at 350 feet the 
spectrum was very dim, and the violet com- 
pletely overshadowed the green and the blue. 

The thing which impressed me most was the 
very great size of the fish—-snappers, grunts, 
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Inverted cone of the spectrum as 
seen by the human eye from the 
surface to 800 feet. As we descend, 
there vanish in turn the red, 
orange, yellow, green, and blue, 
leaving only the faintest tinge of 
violet. Finally, to the eye, only a 
cold, whitish-gray remains in the 
zone of greatest spectroscopic 
brightness. Painted by E. M. 
Bostelmann. 
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angelfish, chubs, trumpet-fish, and parrot-fish— 
all were larger than I have ever seen them when 
diving in shallower water near shore. 

On the shallowest dive—80 feet—I had 
one of the greatest thrills of the whole under- 
taking. We were drifting slowly along, lifting 
over a toothed ridge or settling down into a 
valley of caves and fissures, when I suddenly 
saw a black line undulating over the bottom, 
now in full view, now hidden by a mass of 
giant sea-plumes, and in an instant I knew 
I was looking at a deep-sea cable lying 
quietly on its rocky bed, and I recalled Kip- 
ling’s words, and I thought of the messages 
of hope and fear, of joy and death passing 
along. I shall never send a cable again with- 
out recalling something of its path. 

We were 300 feet down, with the bottom at 
least 100 feet beneath, when, without the slight- 
est warning, the green water rained blue par- 
rotfish. They were all deep caerulean blue 
(Scarus caeruleus) almost unmarked, and they 
varied from about six inches to four feet. ‘Two 
to three feet was the average, and they dropped 
obliquely, but very steeply downward, and I 
counted up to two hundred and then gave up. 
There must have been several thousand at the 
very least, and they extended far beyond my 
vision in every direction. Some were the 
merest shadow ghosts of parrotfish in the dis- 
tance, others almost brushed the glass, and the 
downpour did not cease—we merely passed 
through it. 

Once before, a few miles to the westward, 

when I descended on a particularly rough day 

in my helmet to a depth of thirty feet I saw 
a similar migration or gathering of the blue 
-parrotfish clans. On this occasion they were 
filled with curiosity about me and milled about 
for five minutes, fairly blanketing me—almost 
obliterating the surrounding seascape. 

With a calm sea, a steady offshore breeze 
or current, and our searchlight in working 
order it will be possible another year to make 
a systematic survey of the Bermudian insular 
shelf. Even to repeat the conditions under 
which we worked would mean perfect facility 
for recognizing the change in species of fish 
and such invertebrates as Echinoderms and 
horny corals; to see and name and note the 
bottom limits of algae and brain coral and 
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finally to watch for the limits of water-worn 
and air-worn rocks, and beginnings of the lava 
flows of old Bermuda Mountain and _ the 
wholly unknown transition from the fish of 
the shore and mid-zones to those of the abysses 
of ocean. 

Hor povier. a syears ever since barton cand. i 
had talked about the possibility of descents 
into the deep sea I had been somewhat pessi- 
mistic about any large amount of life we might 
hope to see from the window. The constant 
swaying, due to the rolling of the barge high 
overhead, the great white sphere itself looming 
up through the “blue murk, the apparent 
scarcity of organisms at best in the depths of 
the ocean as revealed by all deep sea net hauls, 
and finally the small size of the aperture, much 
smaller than one’s face—all these seemed han- 
dicaps too great to overcome. Yet the hope 
of such observations was the sole object of 
the entire project. We never thought of it as 
a stunt, as beating the record of anyone, as 
the-first-white-man-who-had-ever, etc. 

The slight pessimism I carried with me on 
the first deep dive made the actual results all 
the more astonishing. As fish after fish, which 
heretofore I had seen only in my net hauls and 
dead, swam into my restricted line of vision, 
as I saw colors and their absence, activities, 
modes of swimming, associations which no one 
had ever had a chance of observing, I felt that 
all the trouble of planning and achieving were 
being repaid manyfold. For two years I had 
been studying the deep-sea fish in a limited 
area of mid-ocean off Nonsuch, and now when 
we were at the bottom of our pendulum I 
realized that I, myself, was down where many 
hundreds of nets had been hauled. During 
the coming year I should be able to appreciate 
the plankton and fish hauls as never before. 
I felt as an astronomer might who looks 
through his telescope after having rocketed to 
Mars and back, or like a palaeontologist who 
could suddenly annihilate time and see his 
fossils alive. 

In the course of my various dives I found 
that without the electric search-light for 600 
feet in the open ocean, and with its golden 
swath below that depth, I could distinctly see 
and recognize—and even accurately identify 
fish in many cases down to the very species. 
The most interesting phase of the work was 
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Main trail from the laboratories to North Beach. The trees are Bermuda cedars, the lesser growth is 
sagebush or lantana and maritime golden-rod. Photograph by J. Connery. 


the optical adjustment to a new angle of view. 
During the past two years I had looked at a 
great many thousands of dead Cyclothones in 
the net hauls but it took me three deep dives 
and possibly twenty observations before I recog- 
nized these fish in the rounded objects, open- 
ing and closing, which I saw again and again, 
these being the great mouths of these fish 
seen from in front. 

In my trawling hauls on any two consecu- 
tive days over the identical course there is 
often a very marked difference in the num- 
ber and character of organims; the first six 
nets may be rich in species and specimens of 
fish, the second six with only a few. This is 
true at times of nets on the same cable—those 
at 500, 800 and 900 fathoms for example, all 
with a splendid lot of plankton, large Crus- 
tacea, and fish, while the 600 and 700 fathom 
nets may hold but a scanty showing. On 
our very first control dive, immediately fol- 
lowing one of a similar depth, I saw only a 
small fraction of the fish which came within 
the range of the glass on the preceding dive. 
There seems no doubt that there are zones of 


richness and of paucity, closely associated, but 
changing and shifting. 

A second unexpected fact was the presence 
in comparatively shallow levels, of fish which 
the trawl took only hundreds of fathoms deeper 
down. I am convinced that this is a result of 
the light in the upper strata enabling the fish 
to see the approaching nets and to avoid them. 
This is a problem wholly apart from the noc- 
turnal migrations upward of many species, 
which in a number of instances I have been 
able to verify even on cloudy as compared with 
sunny days. 

The third point is the presence of creatures 
of larger size than we have ever been able to 
take in one-metre or two-metre nets, going at 
two knots. 

It is difficult to write of the actual personal 
experience of descending to such great depths. 
In my case I was so completely absorbed in 
conscious observation of what I could see out- 
side my window that only by thinking back and 
trying to remember what I subconsciously 
recorded can I consider the adventure as a 
whole. When in a position of tremendous in- 
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terest, or at the critical moment at the very 
climax of a long period of preparation, we 
often realize the full significance only when it 
is all over. Fortunately this was not the case 
in the bathysphere at our 1426 feet of depth. 
I was curled up in a ball on the cold, damp 
steel, Barton’s voice was droning out questions 
and assurances, a fan swished back and forth 
through the air, and the ticking of my watch 
came as a strange memory sound of another 
world. 

One moment stands out clearly, stimulated 
by no unusual happening, when not an organ- 
ism was visible in the water. I sat crouched 
with my nose and mouth wrapped in a hand- 
kerchief and my eyes pressed closely against 
the cold surface of the tiny circle of quartz 
—that transparent bit of Mother Earth which 
held so sturdily its burden of nine tons of 
water back from my face. There came over 
me a tremendous wave of emotion, a real ap- 
preciation which was momentarily almost 
superhuman, cosmic, of the whole situation: 
our barge slowly rolling high overhead in the 
blazing sunlight like the merest chip in the 
midst of the ocean, the long thread of cable 
leading down through the spectrum to our 
lonely sphere, where, sealed tight, we dangled 
in mid-water, isolated as a lost planet in outer- 
most space. 

Here, under a pressure which, if loosened, 
in a fraction of a second would make amorphus 
tissue of a human being, breathing our own 
homemade atmosphere, sending a few comfort- 
ing words chasing up and down a string of 
hose, here I was priviliged to sit and try to 
crystallize something of value, seeing through 
inadequate eyes and interpreting by a mind 
wholly unequal to the task. 

These are the only words I can command to 
answer what has been asked of me so many 
times, “How did it feel, etc., ete., etc.?’’ And 
written down they fail utterly. I have quoted 
it before and probably shall again, but my feel- 
ing was that of Herbert Spencer—*“an infini- 
tesimal atom floating in illimitable space.” No 
wonder my sole written contribution to science 
and literature at the time was “Am writing at a 
depth of a quarter of a mile. A luminous fish 
is outside the window.” 

At any rate, here was I, by grace of the in- 
genuity and generosity of Otis Barton and from 
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the New York Zoological Society side, of Har- 
rison Williams, Mortimer Schiff, and Ernest 
Weir. And instead of a swift descent and re- 
turn and only a silly record to brag of, we were 
staying minutes and hours in the sphere, com- 
fortably looking out and seeing creatures which 
had evolved in the blackness of a blue midnight 
for. the past one hundred million years or so, 
ever since the second day of creation when the 
oceans were born. 

It seems to be the habit with modern ex- 
plorers to measure the extent of new lands they 
have traversed in terms of well-known states 
or countries. I, alas, have nothing but addi- 
tional water to offer, but here goes: If the 
water of the oceans which we have made our 
own for a quarter of a mile depth, was equally 
distributed over all the dry land of the world, 
the Americas, Europe, Africa and all the rest 
would be submerged well over a half mile. Or, 
if you like this sort of thing, I may add that 
we have provided the possibility of exploring 
at first hand 35,000,000 cubic miles of water, 
and these if laid end to end—but the reader 
can carry on for himself. 

We hope in 1931 to continue work with the 
bathysphere, using new quartz windows and 
fresh, electrically wired hose, and if possible 
we intend to penetrate the ocean a full half- 
mile, and study the abyssmal life at that depth. 
But there is sufficient work for a life-time well 
within the zone of new territory in the open 
ocean which we have added to human activities. 

We have set ourselves four objects for next 
year: , 

(1) To descend to 500 or 600 fathoms. 

(2) To remain for several hours continually 
at certain definite depths, for prolonged obser- 
vation. 

(3) To carry out definite tests of light, pres- 
sure and temperature with adequate instru- 
ments. 

(4) To trace the gradual change from shal- 
low water fauna to that of the deep sea. 

The importance of the whole adventure may 
be summed up in a single sentence: The mar- 
gin of safety, as we have demonstrated, makes 
future research in this province possible and 
reasonable; the results, both in sheer accuracy 
of observation, and abundance and variety of 
visual material will warrant the continuation 
of this method of research. 
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A vast school of three- and four-foot Blue Parrot-fish (Scarus caeruleus) swam 
past the bathysphere when we were near the bottom, a mile off shore. 
Painted by E. M. Bostelmann. 


Vol. xxxtii, No. 6 


NEW YORK ZOOLOGICAL SOCIETY 


233 


The Bathysphere 


Oris Barton 


HE Bathysphere is a spherical steel diving 

chamber, or tank, as we generally call it. 
It was designed by the writer, and Messrs. 
Butler and Barret of Cox and _ Stevens. 
It consists of a single casting made by the 
Watson-Stillman Hydraulic Machinery Com- 
pany. The first casting weighed five tons, 
which proved to be too heavy for any of the 
winches procurable in Bermuda. It was there- 
fore junked. Our present tank weighs five 
thousand pounds, is four feet nine inches in 
diameter, and has walls at least an inch and a 
half thick. 

It carries a four hundred pound door, fas- 
tened over the man-hole with ten large bolts. 
This door has a circular metal gasket which 
fits into a shallow groove. The joint, when 
packed with a little white lead, was entirely 
waterproof at twenty-four hundred feet. In 
the center of the door is a wing bolt plug, 
which can be screwed in or out quickly. 


The windows are cylinders of fused quartz 
eight inches in diameter and three inches thick. 
They are a special product of the General 
Electric Company, the use of fused quartz 
being suggested by Dr. E. E. Free. They are 
fitted into cannon-like projections in the front 
of the tank. The joint is secured with a paper 
gasket and white lead, and a light steel frame 
is bolted over each on in front. In all we have 
had five quartz windows. The first was chipped 
in an attempt to grind it into its seat. The sec- 
ond gave way under an internal pressure test of 
one thousand two hundred and fifty pounds to 
the square inch. It seems probable that the 
frame in front was bent out, and that the result- 
ing sheering strains broke the glass. The third 
was broken when the frame bolts were tightened 
unevenly. The remaining two, however, have 
never leaked a drop, and have withstood the 
pressure at twenty-four hundred feet, and will, 
no doubt, hold much more. 


The electric cable was specially made by the 
Okonite Company. It is one and one-tenth 
inches in diameter and has a heavy rubber in- 
sulation. Inside are two conductors for the 


lights and two for the telephone. The cable 
passes through a stuffing box in the top of the 
tank and is squeezed up by two glands, one 
on the outside of, and the other within, the 
sphere. It, too, proved entirely waterproof 
under all pressures we encountered. 


The two big conductors passed to a two 
hundred and fifty watt spot-light (loaned by 
E. W. Beggs of the Westinghouse Company) in 
the right forward projection. We were obliged 
to seal the left projection with a steel plug, 
since only two quartz windows were left. At 
depths of over seven hundred feet the beam of 
light could be seen passing through the water. 
When more illumination was desired, it was sim- 
ply necessary for the divers to direct the deck 
crew to speed up the generator. The light was 
turned out by the divers when they wished 
to observe the effects of the natural submarine 
illumination. To facilitate these observations 
the entire interior of the sphere was painted 


black. 


The small conductors passed to the telephone 
lent by C. R. Moore of the Bell Telephone 
Laboratory. The two sets were run by a twenty- 
two and a half volt radio battery on deck. At 
times static occurred, especially when the free 
ends on the conductors were disturbed, but on 
the whole they were a success. All observations 
taken in the depths were recorded by the deck 
crew. 


The breathing apparatus was designed by Dr. 
Alvin Barach of New York. On either side 
clamped to the wall an oxygen tank was car- 
ried, either of which would take Dr. Barach’s 
special valve. We set this valve to allow two 
litres of oxygen per minute to escape for the 
two divers. One tank lasted about three hours 
at this rate. Above each tank was a wire mesh 
tray. One contained soda lime, which took up 
the CO,, the other calcium chloride which ab- 
sorbed the moisture. Palm leaf fans kept air 
in circulation. During our deepest dive of 
fourteen hundred feet we were comfortable and 
cool, although we had been inside more than 
an hour and a half. 
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For lowering the bell, we used Dr. William 
Beebe’s seven ton winch and special large reel. 
To operate these, we installed two boilers on 
the after part of the long deck of our lighter 
which had once been the H. M. S. Ready. The 
lighter was in turn towed by the tug Gladisfen, 
of the New York Zoological Society. This 
equipment was used on the Arcturus Expedi- 
tion, as were also the three six-ton sheaves. 
One of these was bolted to the deck about 70 
feet in front of the reel at midship. From this 
the cable returned to the second sheave close 
to the mainmast and then passed to the third 
at the end of the heavy boom. 

The cable was a special seven-eighths inch, 
steel-center, non-spinning one made by Roeb- 
ling, It was thirty-five hundred feet long and 
would hold twenty-nine tons. It weighed about 
two tons under water. On our dive of four- 
teen hundred feet, therefore, the weight of the 
cable let out was nearly six-sevenths of a ton 
in the water. To this was added the weight of 
the bathysphere in water, about seven-eighths 
of a ton. The amount of cable out was tal- 
lied by the special meter wheel also from the 
Arcturus, as well as by a system of ribbons 
tied around the cable. 

The comparatively light electric cable was let 
out by hand, and attached at intervals of not 
more than two hundred feet to the steel one. 
This we did at first with brass clamps, but 
later it was found better to tie them together 
with lengths of rope about a yard in length, 
since these took up much of the twisting. The 
winch could be stopped while the tie was made. 
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Several problems were naturally encountered 
in these operations. At first we found that the 
sphere swung badly when raised from the deck. 
To remedy this we lowered the boom, by means 
of a second winch, nearly down to the clevis, 
which connects the cable and sphere. The 
whole boom was then raised and pulled out over 
the side, with the top of the tank almost 
touching the third sheave. From this position 
the sphere could be lowered upon a single whip. 

Perhaps the greatest trouble was caused by 
the twisting of the rubber hose about the steel 
cable. Most of this was apparently due to the 
failure to stretch the latter by letting it all 
out without the rest of the apparatus and then 
to rewind it under tension on the reel. When 
twisting was bad we would tie up the loops 
every two hundred feet in a loose coil, through 
the center of which the steel cable continued to 
operate. Eventually, however, we succeeded in 
getting out as much as two thousand feet with- 
out twisting. 

Besides taking observations at greath depths 
in the open ocean, we tried towing the tank 
along under the vessel, endeavoring to keep the 
bottom in sight and not to run into any of the 
ledges which rise up quite suddenly in these 
waters. In this work we nailed a wooden rud- 
der on each skid behind, by which the windows 
were kept always to the front in the direction 
of motion. 

It is with this outfit that we hope next season 
to study the contours of the bottom down to 
five hundred feet and also to make dives in the 
open ocean of two thousand feet. 
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How the Bathysphere Was Operated 


JoHN TrE-VANn 


O operate an elevator in a skyscraper has 
always been my secret ambition; by a twist 
of the wrist to shoot rocket-like up and down 
a shaft, to be guided by the flashes of myste- 
rious colored lights, to converse familiarly with 
all humanity from charwomen to kings of fin- 
ance. 
This year my elevator ambitions were ful- 
filled in a most remarkable manner. But in- 
stead of being in a prosaic skyscraper I was 


far out at sea; I controlled the mechanism from 
outside the lift, and although my passengers 
stopped at many floors they never alighted. It 
might indeed have been called a deelevator— 
for its starting point was at the top and every 
passenger made the round trip. 

This unusual elevator, the bathysphere,* is 


1Information as to sizes and construction of the various 
parts of the bathysphere, is given mainly in the captions of 
the diagrams and photographs illustrating this Bulletin. 
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so unique and the results gained from its use 
have been so valuable, that a description of the 
method of using the apparatus will not be 
amiss. 


A typical day’s procedure, which will show 
the operation as well as any other way, can 
be outlined as follows: 

The Ready, a hull of an ex-British Navy 
water-boat, one hundred and thirty feet long 
and twenty-three feet beam,—with the bathy- 
sphere and necessary machinery for operation 
on board, is towed out to sea by the Zoological 
Society's chartered tug Gladisfen. The days 
chosen are clear and calm and with little breeze, 
although on some of the later descents the wind 
and sea rose to quite an extent. On practically 
all of the days that the bathysphere was em- 
ployed, it was necessary, because of current, 
swell and wind to go from five to eight miles off 
shore. This was done so that the barge would not 
drift in toward land in case of accident to any 
of the machinery, and also to eliminate the 
possibility of striking an uncharted peak, an 
unlikely but possible happening in the shallow- 
er waters near the coast. 

During the journey out steam is raised in 
the two boilers and the rigging,—cables, fast- 
enings, pulleys, etc., is examined so that by 
the time that the barge has reached far enough 
off shore to begin lowering the sphere, every- 
thing has been investigated. The quartz win- 
dows through which the divers observed are 
polished and their fastenings checked; the stuf- 
fing-box through which the electric light and 
telephone cable enters the sphere is tightened ; 
the gaskets on the great door are cleaned, the 
remnants of previously-used white-lead being 
removed from the groove of the sphere into 
which the raised gasket of the door fitted. The 
screw threads of the central bolt of the door 
receive the same treatment. The ten nuts which 
hold the door tightly in place are examined 
and put in numerical order, so that each nut 
is ready for its own individual bolt. Last but 
by no means least, attractive, ill-smelling bait 
is fastened to the sphere just below the quartz 
windows. 

When nearing the desired locality for the 
descent and just before the divers enter, trays 
of chemicals are placed on the racks inside the 
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sphere just above the heads of the future occu- 
pants,—on one side calcium chloride (anhy- 
drous porous, No. 8 mesh) for absorbing mois- 
ture, and on the other side, soda lime (4-8 
mesh) for absorbing carbon dioxide. Two tanks 
of oxygen, each containing eighty gallons of 
oxygen under a pressure of eighteen hundred 
pounds, are fastened to the sphere a short dis- 
tance below the chemical trays, one tank being 
prepared for immediate use by clamping a valve 
in place, while the other is held in reserve. 
These two tanks when filled completely, are 
sufficient to sustain life in two people for eight 
hours. 


With everything in readiness the ship is 
hauled up into the wind and swell and the two 
divers slide through the hatchway into the 
sphere. Palm-leaf fans to keep the air in cir- 
culation, notebooks, tools such as wrenches, 
screw-drivers, pliers, etc., keys to oxygen valves 
and most important of all, pillows to cushion 
the occupants, are passed through the opening. 
The four-hundred pound door with its central 
wing-bolt removed, is slung into place, being 
lifted by means of a small hook screwed tem- 
porarily into its upper rim. Lifting the door 
is accomplished by means of a small block and 
tackle attached to the boom overhead. When 
the door is part way in place and its weight 
supported by the ten bolts, the hook is removed 
and the door shoved home, the sunken copper 
washer having been given a light coating of 
white lead in order to insure absolute sealing. 
The ten large brass nuts, which had been 
placed in numerical order on the deck beneath 
the door are screwed onto their respective bolts 
as rapidly as possible by hand and tightened 
by wrenches,—the final tightening being done 
by hammering the outer ends of the wrenches, 
a procedure not especially enjoyed by the in- 
mates. 


Meanwhile the outer end of the boom has 
been raised and swung into position so that the 
sheave is about ten to twelve feet above the 
sphere,—this distance being sufficient to allow 
the bathysphere to clear the bulwarks when it 
is raised and swung over the side. 

While the central wing-bolt portion of the 
door is still open, tests are made of the tele- 
phone connections, lights and other apparatus 
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within the sphere. Conversations over the tele- 
phone are constantly in progress from now on, 
and even when there is nothing to communicate, 
an O.K. is sent out every fifteen or thirty sec- 
onds to show that all is well. Everything being 
reported in proper order, the central bolt with 
its threads coated with a slight amount of 
white-lead, is screwed in and hammered tightly 
into position. As it is tightened, the valve on 
the oxygen tanks is opened by one of the divers 
and oxygen allowed to escape into the tank at 
the rate of two liters per minute. 


Now everything is ready for the plunge. All 
hands being stationed at their respective posts, 
the signal is given to haul the sphere up to the 
head of the boom, and in a few seconds the 
ball is suspended over our heads, swinging 
slightly with the roll of the vessel. All hands 
fall to and haul or loosen the guys that hold the 
outer end of the boom in place, one guy each to 
port, starboard and forward. In a minute or 
two the order is given to make fast and the 
sphere is now over the water and ready for sub- 
mersion. When the proper moment arrives and 
the barge is rolling but slightly, the bathy- 
sphere is lowered into the sea and allowed to 
descend beneath the surface, its distance from 
the vessel’s side at this moment usually being 
from ten to fifteen feet. 


With the top of the sphere just below the 
surface, the meter or measuring wheel is set at 
zero and a piece of white cotton tape is tied 
to the cable. The meter wheel registered the 
amount of cable reeled over it directly and all 
that was necessary was to change this reading 
from meters to feet. The second method, em- 
ploying the white tape, functioned as follows: 
A board indicator was nailed to the deck at 
fifty feet from the forward sheave. The first 
tape was tied to the cable at the indicator, and 
when it had travelled to the sheave and back 
to the marker again a hundred feet of cable had 
been let out, and it was only necessary to fasten 
on another tape to repeat the same performance 
for the next hundred feet. The measured dis- 
tance of fifty feet did not include the distance 
around the pulley, which added two feet to 
each hundred. The accuracy of these two sys- 
tems of measurements may be judged by men- 
tioning that the discrepancy between the two 
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Section of the Bathysphere, approximately natural size. 
A, Swivel and Clevis for attaching cable to sphere. The 
cable was 7-8 inches in diameter and 38500 feet long, with 
its alternate strands laid in opposite directions to correct 
the propensity to spin when in the water. The actual 
attachment of the cable to the swivel was made by separat- 
ing the strands of the end of the cable until they spread 
out into a truncated cone, between the interstices of which 
white metal was poured. This cone was then pulled up 
into the correspondingly-shaped portion of the _ swivel. 
B, Stuffing-box through which the electric cable entered the 
sphere. Formed of an inner brass gland and an outer 
stainless steel gland through which the cable ran. Special 
packing was placed between the outer and inner glands, 
which -were then tightened by means of wrenches. 
C, Electric cable, 1 and 1-10 inghes in diameter and 3000 
feet long, heavily insulated and containing two wires for 
the telephone circuit and two for the electric lights. 
D, Telephone. KE, Searchlight with beam focussed through 
window I’. F, Oxygen tank ready for use with valve at- 
tached—one dial showed the amount of oxygen remaining 
in the tank, the other the rate of discharge. F’, Reserve 
Oxygen tank. G, Tray containing soda lime for absorbing 
carbon dioxide. H, Tray containing calcium chloride for 
absorbing moisture. I, Main observation window, 6 inches 
in diameter. The windows were discs of fused quartz 
8 inches thick and 8 inches in diameter. I’ and I”, Windows 
for searchlights. During the 1929 descents window I’ was 
filled with a steel plate. 


amounted to two feet in fourteen hundred and 
twenty-six. 


The sphere is lowered until it is well below 
the keel of the barge, and the guys are hauled 
in until the main cable is but a foot or so from 
the side of the vessel; it being necessary to 
have the cable as close as this so that the cable 
clamps connecting the electric line and the main 
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Plan and Elevation of the Bathysphere Apparatus as it was arranged on board the Ready. 


steam boilers, generating 
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Two 


were used to drive the winches. The left 


hand winch was used for operating the lift which raised or lowered the boom, while the right hand 


winch carried the main cable which supported the bathysphere. 


The path of the cable is shown as it 


passes first from the winch to the sheave near the bow of the barge, thence to a pulley near the mast 
and fastened to the deck before it finally passes over the sheave at the tip of the boom from which it 
drops into the sea. On the lower illustration the meter wheel can be seen attached to the boom. The 
upper illustration shows the various guys that held the upper end of the boom in place and the 
measuring stick placed fifty feet from the forward sheave. In the upper right hand corner is the 
generator, attached to the 3000 foot length of electric cable, which when not overboard was coiled on 
deck on the port side of the vessel. The deck telephone was connected to the main cable at the generator. 


cable can be attached. Word is now sent to 
the divers that the deck crew are waiting upon 
their orders and from here on all raising and 
lowering is controlled through the telephones by 
the occupants of the sphere. 

As far as the deck crew is concerned all are 
at their respective posts. The helmsman main- 
tains a course that eliminates as much rolling 
as possible, as the ship has just enough forward 
motion to hold it head to wind and sea. ‘Two 
men are assigned to fastening on the clamps 
which attach the electric light and telephone 
cable to the steel supporting cable. Five others 
pass this cable from where it is coiled on the 


port side of the deck, over the main cable and 
the bulwarks and pay it out at nearly the same 
rate of speed as the sphere descends. A 
winchman stands by at the levers of the main 
winch, while the second winchman who is needed 
only during the landing period, takes care of 
the steam boilers. Two of the staff read 
the meter wheel and keep track of the registra- 
tion of the amount of cable let out, calling out at 
each fifty or one hundred-foot interval, while 
two others of the Nonsuch staff control the tele- 
phones and constantly record times, observa- 
tions, etc. 

Orders from below are called out, “Lower 
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fifty feet.’ With a rumble, the great winch un- 
reels the cable until the first tape reaches the 
sheave at the bow, when the engine is stopped 
and word is sent down that, “You are now at 
fifty feet.” The same process continues as the 
sphere goes lower, a stop being made at each 
hundred feet to fasten a tape and at every two 
hundred feet to clamp the electric cable to the 
main cable. 

The electric cable is paid out by hand, its 
own weight being sufficient to cause slightly 
more than two hundred feet of itself to run out 
for each similar unit of supporting cable, thus 
producing a small amount of slack. This slack 
is of considerable value in taking care of the 
twisting of the cable,—a subject discussed later 
on. 

When the sphere reaches approximately one 
hundred and thirty feet, it passes out of sight 
of those on board the barge and contact changes 
from visual and aural to aural only. Lowering 
continues in the same way, the divers being 
moved to whatever level they desire, remaining 
there until their observations are completed. 

In bringing the sphere back to the surface, 
most of the operations employed in lowering are 
reversed. The electric cable is hauled in by 
hand, a rather tiresome procedure, but not a 
very difficult one as the two hundred foot 
lengths between supporting clamps can easily 
be hauled upward by two men working side by 
side. ‘The main cable, however, in ascending, 
has to be spooled onto the drum, a procedure 
requiring three men. A snatch block is fast- 
ened about the cable and connected to either 
side of the ship by means of blocks and tackle, 
thus allowing the cable to be hauled from one 
side to the other depending upon which side of 
the drum the cable is being wound upon. 

When the sphere on its upward journey, 
reaches fifty feet from the surface, the boom 
is once again swung outward so that the bathy- 
sphere can pass the side of the ship in safety. 
When this is accomplished the sphere is brought 
up so that its top is at the surface of the sea. 
The actual emergence from water to air is al- 
ways a gradual one, principally because of the 
difference in weight of the sphere while in 
water and in air,—the weight in the former 
element being about seven-eighths of a ton and 
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in the latter two and a fifth tons. Too swift 
a motion might produce a sudden strain upon 
some portion of the machinery. 


When the ship is rolling least, the bathy- 
sphere is hauled up to the tip of the boom, as 
close to the sheave as possible. The boom is 
pulled in until it rests over the mid-line of the 
ship, and, by means of the second smaller 
winch, slowly lowered until the sphere once 
more rests upon the deck. It is necessary to 
use this method of landing, for if any length of 
cable is allowed to remain between the sphere 
and the sheave, the sphere operates as a gigan- 
tic pendulum and thrashes violently about. 


With the sphere once more on the deck, the 
central bolt of the door is removed, the ten 
nuts unscrewed and the great door hoisted out 
of place. The divers slide out and stretch their 
cramped limbs and a descent into another world 
in a unique elevator has been accomplished. 


Observing the bottom close inshore in depths 
down to three hundred and fifty feet required 
the same operation of the sphere, with the ex- 
ception that the units of raising and lowering 
were smaller, ten feet being the usual amount 
of cable let out at a time, and that extremely 
close attention had to be paid to rapid manipu- 
lation of the winches in case the sphere came 
suddenly too close to the bottom. When ob- 
serving the bottom at these depths, the vessel 
was taken close to the coast and pulled slowly 
out from shore, the sphere being lowered as the 
bottom became deeper. In order to keep the 
sphere from spinning as the ship moved for- 
ward, wooden rudders were fastened onto the 
rear ends of the skids. These effectively kept 
the windows to the front. Soundings were 
made every few minutes with a lead line, when 
the bathysphere was employed in contouring. 


As already mentioned, most of the details of 
the bathysphere are given with the illustrations. 
A few phases of the outfit and operations which 
cannot be illustrated in that manner are des- 
cribed here. 


On the earlier test descents with the empty 
sphere, the electric cable came to the surface 
wound many times about the steel supporting 
cable, at one time as many as forty-five turns 
being found in 2,000 feet. Evidently twists 
insinuate themselves as the steel supporting- 
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cable is wound from its factory reel onto the 
winch, and these in turn cause the electric line 
to wind itself up. A single descent of the non- 
twisting steel cable, with its attendant unwind- 
ing, allowed the cable to take its correct lay, 
and in use after that only a single or at most 
two turns were to be found in each two hundred 
feet. During these descents the electric cable 
was fastened by double-jawed clamps direct to 
the supporting cable. Afterward it was found 
better to insert about a yard or so of rope 
between the cable attachment and the electric 
cable attachment. Twists, if present, were 
taken up by the rope, and this if necessary 
could easily be cut and the clamps removed 
without trouble. 

In the earlier test descents whenever the elec- 
tric line was twisted about the cable, the turns, 
as they arrived at the surface, were tied to- 
gether in large loops, through which the main 
cable ran. This procedure operated efficiently 
and required but little effort or time. After the 
bathysphere arrived on board ship, the coils 
were unwound by removing the end of the 
cable from where it entered the sphere and un- 
coiling it. 

The generator employed for electric lighting 
purposes, was a 110-volt Kohler plant of 1500 
watt capacity, connected through 3,000 feet of 
insulated cable to the sphere. The distance be- 
tween the generator and the bathysphere caused 
a drop in the voltage, so that it was necessary to 
use especially made 90 volt lamps. The elec- 
tric cable was coiled on deck near the genera- 
tor when not overboard. 

Whenever the divers required electric light 
they asked for it and the generator was started. 
The electric light circuit also served as an 
auxiliary signalling apparatus, as, in case of 
breakdown of the telephone lines, signals could 
be sent by turning the electric light off and on 
by means of switches, situated one in the bathy- 
sphere and one at the generator. A control 
lamp was placed in the circuit so that those 
on deck could tell when the light was on below. 

The telephones were of ordinary type and 
operated on 16 or 22 volt dry batteries. The 
instruments were furnished with head phones 
and neck clips so that the hands of the liaison 
officer and diver were free at all times. 
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The crew necessary for the operation of the 
Bathysphere consisted of the following: 


2 divers 

1 deck officer in charge of operations on 
deck, such as control of the winches, 
raising, lowering, etc. 

1 liaison officer, relaying communica- 
tions between the divers and deck offi- 
cer, and communicating the observa- 
tions of the divers to the recorder. 

1 recorder, keeping account of time, and 
noting all observations called through 
the telephone to the liaison officer 
from below. 

2 winchmen, one on duty at the main 
winch which controlled the main ca- 
ble; another who operated a smaller 
winch which lowered and raised the 
boom supporting the bathysphere. The 
second winchman acted as a fireman 
during the periods in which he was 
not needed for the winch. 

1 steersman, controlling the rudder of 
the Ready. 

2 men, clamping the telephone line to 
the main cable. 

9 deckhands, paying out and hauling in 
telephone cable, hauling guys, wind- 
ing cable on drum, etc. 

1 or 2 messengers, communicating be- 
tween liaison and deck officers; one of 
these attended to the generator and 
its requirements. 

1 man, reading meter wheel and tying 
tapes onto the cable at every hundred 
feet: 


In shallow water when there was a possibil- 
ity of striking bottom, two men were assigned 
to sounding, determinations of the depth being 
made with a lead line every few minutes. 


To complete the roster of those necessary 
for the operation of the sphere, there must be 
added the crew of the Gladisfen, 5 men, and 
one man who operated the motor-boat which 
stood by in case of emergency. 


Counting the six men last mentioned, it will 
be seen that the total number needed for low- 
ering the bathysphere amounted to twenty-eight 
persons including the two divers. This num- 
ber might have been reduced slightly, but the 
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uniqueness of the venture required an over- 
complemented crew rather than an _ under- 
manned one. 

In the use of the bathysphere and its acces- 
sory equipment the factors of safety employed 
ought to be stressed. ‘Those used in the outfit 
were as great as could be consistently obtained. 
As an example, the main cable had a breaking 
strain of twenty-nine tons and a maximum load 
of three tons. 


Five methods of observing fish; in tide-pools, with 

water-wings and water-glass, through a_ glass-bot- 

tomed boat, with diving helmet and in the bathy- 
sphere. Drawn by Bostelmann. 
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Safety in the operation of their elevators is 
the only reason why our skyscrapers are able 
to exist, and the operation of the bathysphere 
or deelevator represents a new safe invasion of 
man, not upward into offices and homes far 
above the streets and avenues, but downward 
into the darker deeps where for untold centuries 
the lights of deep-sea fish have turned on and 
off in much the same way as the great adver- 
tising signs on the roofs of our tall buildings. 


Telephoning to Davy Jones’s Locker 


GuoriA Ho.uuistTEeR 


WISH my readers could ask Central for 

Bathysphere 0001 and hear for themselves, 
as I have, the excited voices and thrilling ob- 
servations of two pioneer explorers sealed in a 
sphere of steel, sinking down and down into 
no-man’s-deep. 

At ten o’clock on June eleventh I was seated 
on the rolling foredeck of a weather-worn 
barge, the Ready, in tow of the Gladisfen eight 
miles out at sea south of Nonsuch Island. I 
was crouched close to the gasoline engine which 
generated light for the sphere and was adjust- 


ing the ear-phones to my head and connecting 
the telephone battery which was the heart of 
our only communication with the bathysphere. 

The divers were already in the sphere and 
Dr. Beebe’s face appeared at the center win- 
dow signalling that they were ready for the 
final electric light and telephone test. I plugged 
in for only an instant because the hammering 
on the bolts of the four hundred pound door 
reverberated over the wire beyond endurance. 

There was tense but silent excitement every- 
where on deck as each man performed his share 
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of the preparations and then waited at his post 
for the auspicious calm during which the bathy- 
sphere could be swung from deck to water. My 
brief words of assurance to the divers that 
everything was ready and in order seemed to 
echo from every part of the barge. As the 
sphere was hoisted high above the deck and 
lowered below the surface, Otis Barton, who 
had the other end of the telephone, thought and 
wondered aloud about the many mechanical 
things that might go wrong. In his excitement 
he had forgotten that even a faint whisper re- 
verberated in my like rushing wind 
Each suggestion reacted viv- 
idly on my keyed-up imagination. I clamped 
the phones closer to my ears lest these ideas 
should be overheard and interpreted as demor- 
alizing facts. Soon after the sphere started its 
descent, reports of almost unbelievable observa- 
tions came as rapidly as I could record the 
depth, time and message. This in itself as- 
sured me that conditions with the divers were 
splendid and I frequently called out a message 
to cheer the anxious staff and crew. 


ears 


through a gorge. 


For the next two hours I was wholly ab- 
sorbed in receiving and dictating messages of 
all kinds, mechanical, meteorological, and scien- 
tific from depths to which living men had never 
heretofore penetrated. 

I experienced with the divers the joy and 
excitement that was caused by each new ob- 
servation, but, secretly, I longed to see at first 
hand these folk of the deep. 

Only once during this record dive, when 
the sphere had almost reached the record depth, 
was I confronted with intermittent static which 
was soon controlled on deck. Even the slight- 
est indication of this trouble worried me for 
on a previous descent static was caused by a 
severed wire in the hose near the sphere which 
resulted in a complete break in the connection. 
The deadly silence during the rapid recall of 
the sphere with its human cargo was almost 
unbearable. Had anything more serious hap- 
pened than a silenced wire? It was only too 
easy to imagine that the sphere had broken 
loose from the cable and like the head of a 
comet plunged downward and downward leav- 
ing only a momentary trail of phosphorescence. 

But to continue with the present dive, while 
the sphere, on its way up, hung just below the 
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surface waiting for the last readjustment of 
the weary creaking booms, the Director’s voice 
came over the phone asking if I were ready to 
make the next dive. I had longed to see alive, 
with my own eyes, the creatures which, for 
months, I had sorted and classified in our hun- 
dreds of nets, and with whose skeletons I was 
so familiar. My imagination was working at 
top speed, but I refrained from any definite 
hope until I could be certain that this was not 
just another joke from below to lighten the 
strain on board. Between great, smooth, sur- 
face rolls, the sphere was landed safely on deck 
and in a few minutes its human cargo was re- 
leased. Then the Director and Otis Barton 
presented me with the strangest and most de- 
sirable birthday present in the world. It was 
all the more surprising because I had forgotten 
it was my birthday,—all trivial memories had 
vanished in the face of this great diving suc- 
cess. John Tee-Van welcomed this reverse in 
responsibility as much as I did for he had had 
full charge of the deck crew and the manipu- 
lating of the mass of machinery necessary for 
lowering and raising the bathysphere. 

The Director gave us final instructions and 
at twelve-thirty-two we were in the sphere and 
The 
hammering of the ten big bolts began and I 
winced as I recalled the other dives when I 
held the deck end of the telephone. Within 


the sphere this rhythmic clanging was merely 


the giant door was swung into place. 


monotonous because we were impatient to be 
below. Tee-Van adjusted the flow of oxygen 
and clamped the earphones to his head while I 
pressed my face to the window and waved a 
signal to Barton that all the connections were 
ready for the final telephone test. Then the 
Director, who was managing the deck crew, 
shouted “‘you’re off,” and Barton warned us to 
brace ourselves. I felt perfectly safe and much 
more comfortable than when on deck watching 
the others go down in the sphere. It was un- 
believable that I should be in this reversed po- 
sition with the Director and Barton in charge 
on deck. Not until the two tons of steel which 
encased me swayed in mid-air over my friends, 
poised for a calm, then plunged below the sur- 
face, did I realize completely that this was my 
hour. 
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A young pediculate fish, with the real body showing through the translucent, bal- 
loon-like, outer skin. An illuminated tentacle is just developing on top of the head. 
Painted by E. M. Bostelmann. 
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As the sphere broke the smooth surface it 
faced the bow of the barge and we had a hasty 
glimpse of the Gladisfen trailing her long, slack 
tow rope. Suddenly, the scene was no longer 
boats, machinery, and men, but instead the ceil- 
ing of the sea quilted in silks and studded 
with glistening bubbles of air. Then Barton’s 
voice broke a silence that only dead men know 
and brought an earthly aspect to this canopy 
mirage which had held our gaze. He reported 
that we were hanging at fifty feet while the 
first clamp was attached to the cable and the 
telephone hose. We strived continuously to 
control the selfishness of over-enthusiasm and 
to refrain from occupying more than our half 
of the quartz window. ‘This was unlike the 
former dives when the Director had the window 
alone because Barton had chosen to watch the 
oxygen gauge, chemicals, and possible places 
for leaks. 

Strange vertical streaks of light broke the 
solid brilliance of the water, like a sunbeam 
that has crept through a chink in an old dun- 
geon wall and made the moist mold sparkle in 
the darkness. Then the tone of the light be- 
came more and more amazing. Rays of bright 
sunlight that had struggled to illumine this 
world of water vanished and all became a lake 
of intense bluish green. Air bubbles continued 
to rain upward, many oozing from the bait 
tied at the margin of the center window. Hun- 
dreds of tiny, white triangular pteropods darted 
in mid-water with here and there a spray of 
small, brown, throbbing linuche jellies. A 
slight swaying of the sphere had been notice- 
able but we were not conscious of downward 
motion until Barton reported that we were de- 
scending. I remarked at the wonder of being 
able to observe life beyond the maximum depth 
permitted to us in the diving helmet. In a few 
minutes Barton’s voice again awakened our 
other world consciousness and reported that we 
had reached the depth of two hundred feet. The 
sphere swayed here for several minutes while 
another clamp was attached. A comb-bearer 
jelly, or ctenophore, was wafted close enough 
to see its eight rows of cilia waving it through 
space. There followed a large ghost-pale um- 
brella jelly trailing its four oral stinging tenta- 
eles. Then another tiny linuche jelly appeared 
and disappeared into the bluish green beyond. 
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A swift-swimming silvery fish swerved at the 
bait, peered at us, then vanished. 

Suddenly, the upward course of the jellies and 
the glistening bubble-like pteropods indicated 
that the sphere was descending again. Then 
the Director spoke on the phone for the first 
time and told us that we had reached the depth 
of four hundred and ten feet. After a hasty 
glance to assure those on deck that the door, 
hose, and window grooves were not leaking we 
continued to concentrate on the twilight pa- 
geant which streamed past our tiny quartz 
port-hole. We watched a school of colorless 
shrimps pass in the distance and a startled 
carangid-like fish as he butted savagely against 
the window and darted away into blue space. 
It was difficult to believe that these creatures 
and hundreds of others could exist in this world 
of strained sunlight, constant cold, and enor- 
mous pressure. At this depth the pressure on 
the sphere was one hundred and ninety-seven 
pounds to the square inch, or 2,032,055 pounds 
total pressure, or 1,016 tons. 


Looking directly out, blue seemed to be the 
dominant tone, and peering straight down we 
stared into an infinite depth of dazzling blue 
purple. This was an awful color which excited 
not only an indescribable force in holding our 
attention, but a strong desire to descend deeper 
and deeper “down to the dark, to the utter 
dark, where the blind white sea-snakes are.” 
We asked the Director to lower us another hun- 
dred feet, but his reply was decisive and soon 
we started to ascend. At three hundred feet the 
silvery fish appeared again and _ pirouetted 
around the bait long enough for us to identify 
it as Psenes, many of which have come up dead 
in our nets. We passed several small cylindri- 
cal salpas and many shrimps. Psenes contin- 
ued to dart around the bait while we were held 
at two hundred feet to have the clamp removed. 
Suddenly, a long, slender, eel-like leptocephalus 
undulated into view. With the exception of its 
glistening eye it might have been a strip of 
wavy, white, tissue paper. Only two days be- 
fore a similar leptocephalus had come up alive 
and I had studied its ways of swimming and 
breathing but under artificial laboratory condi- 
tions, aerating the water and regulating the 
temperature all night in an effort to keep it 
alive. Here, in its natural haunt, its move- 
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ments were much less spasmodic and hurried 
and it slid past with head poised and slow 
graceful swaying of the body like those of a 
giant snake. 

We became more excited when we saw the tail 
of an eel which seemed to dangle near the bait 
just out of full view. But soon this eel turned 
into the end of the Zoological Society’s flag 
which draped one side of the Sphere. Psenes 
reappeared and followed as far as the fifty 
foot halt, where the last clamp was removed. 
Here we were acutely conscious of the bril- 
liance of the light, made the more dazzling by 
the glistening Pteropods. Then, as_ prear- 
ranged, the Director pounded on the cable and 
we answered by hammering on the side of the 
sphere near the inlet of the telephone hose. 
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Both messages were heard distinctly. In case 
of a severed telephone connection in the future 
this signal could be used as a reassurance for 
those on both ends of the cable. 

In a very few minutes we had broken the 
quilted surface and were swinging high above 
the deck waiting for a calm during which to 
land. Before the center plug of the door was 
entirely unscrewed we heard the outrush of air 
which sounded like the swash of a tide along 
a deserted shore. Our ears pained for just a 
second while becoming adjusted to normal at- 
mosphere. After the big bolts had been whanged 
off and the giant door swung open we emerged 
from our steel chrysalis, excited by the unfor- 
gettable experience of this hour, and merged 
again into the scene of boats, machinery and men. 


SO 


A Perfect Depth Recorder 


WILLIAM BEEBE 


T has been the custom in recent years for 

oceanographic expeditions, instead of giv- 
ing an estimated depth of their mid-water net 
hauls, to state the amount of wire out. Seldom 
are we told the size of the wire, the trawling 
angle at which it is drawn, the terminal weight, 
and the number and character of the collecting 
appliances. 

In the Plymouth “Journal of the Marine 
Biological Association” (Vol. XIII, No. 3, pp. 
769-774) Dy. Russell writes of a depth re- 
corder loaned by the British Admiralty which 
registered exact depths down to fifty metres or 
twenty-five fathoms. How much deeper it 
could operate, or what the mechanism was we 
are not told, but an illustration of a diagram- 
matic record shows that this instrument is ex- 
ceedingly accurate at least in shallow depths. 

My own work at present deals with depths 
of five hundred to one thousand fathoms, and 
with pressures from 1350 to 2700 pounds to 
the square inch. 

Among a list of unsolved problems connected 
with the mechanics of oceanographic work 
which I discussed with Mr. L. R. Smith of Mil- 
waukee was that of tracing the exact course of 
the deep sea nets. Mr. Smith was eager to help 
us and had unlimited facilities both in trained 
engineers and in laboratories in his steel plants. 


In 1929 he devised and sent me a circular 
depth gauge in which the outside pressure was 
transmitted to two needles on a disk. When 
brought to the surface the extreme depth was 
ascertained by the pounds of pressure indicated 
by the idle red needle. It was found exceed- 
ingly difficult to adjust this recording needle 
so that it would be flexible enough to shift 
easily, sufficiently stiff to maintain its ultimate 
position, and yet on the whole to resist dis- 
placement from the jerks and vibrations conse- 
quent upon being drawn through the water at 
the end of two miles of cable. Nevertheless, 
when first lowered vertically to a depth of six 
hundred fathoms it registered the correct pres- 
sure in pounds. There were two dials in the 
bomb, and on subsequent tests, both vertical 
and when drawn on regular hauls, the records 
did not coincide, and the gauge was always half 
full of water, the pressure forcing it through 
the pores in the three inches of brass. 

In August of the present year a new pres- 
sure gauge was sent to me. This is a stvel 
sphere, fourteen inches in diameter. It is di- 
vided transversely across the center, the con- 
nection being made absolutely tight by a rub- 
ber ring fitting into a groove of less diameter, 
and the two halves fastened by sixteen long 
bolts and nuts. Great pains were taken to make 
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Two records made on revolving, soot-covered, paper discs, by our depth pressure gauge. On the upper 

is seen the track of six vertical hauls; then six nets attached, sent down to 1000 fathoms and drawn 

for an hour and a half. The lower disc shows a test of the gauge lowered to 1000 fathoms, every 100 
fathoms marked by ten-minute intervals; followed by a six-net haul for over three hours. 
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A rare, pelagic, mid-ocean snail (Glaucus), colored ultramarine and silver, which 
was blown ashore in the August hurricane. In an aquarium it deposited long 
streamers of eggs. Painted by E. M. Bostelmann. 
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the steel particularly dense. Steel castings 
were eliminated because of the possibility of 
their being porous. The steel used is a forging 
presented by Dr. White of the Allis-Chalmers 
Company. Its weight is two hundred and 
ninety pounds. 

Each half of the bomb is made to contain a 
separate recording apparatus. This mechanism 
has a needle which moves over a circular, soot- 
eovered, clock-driven disk, divided concentric- 
ally into depth divisions, from surface to fif- 
teen hundred fathoms, and radially into ten 
minute intervals, totalling twelve hours. 

The connection of the recording instrument 
with the outside pressure is simple and direct. 
The pressure element is a flattened spiral tube 
which tends to straighten out when pressure is 
put in it. The water is admitted through a 
filtered and delicately guarded opening, actu- 
ally into the tube, which in turn is so accu- 
rately devised and corrected that while it can 
withstand a maximum pressure of four thou- 
sand pounds to the square inch, yet moves the 
needle on the dial and thus records unerringly 
the change and duration of change from one 
to nearly three hundred atmospheres. This 
depth pressure gauge, devised for operating 
under such difficult combination of conditions of 
pressure, salt water, vibration and position was 
built by Mr. J. B. Kelsey of the Bristol Gauge 
Company. 

We have given it a number of severe trials 
before beginning to use it regularly, under all 
possible variants of usage, and the results are 
clear and accurate to the smallest perceptible 
degree visible on such a clock-driven, soot-re- 
cording device. The technical details of con- 
struction will be elaborated in a forthcoming 
number of Zoologica. 

The result is not only important as practical 
pioneering in this field, but especially gratify- 
ing to me as verifying in every respect our es- 
timated depths from the beginning of our work 
throughout the nine hundred and seventy-odd 
nets hauled off Nonsuch. 

The disks herewith reproduced are from the 
untouched original records as they came up in 
the pressure bomb. Two oceanographic activi- 
ties are indicated on the first disk: 


A—Temperature and water samples: 
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Taken at depths of 5, 10, 15, 25, 50, 
100, 200 and 1000 fathoms. 

B—Five regulation silk metre nets 
drawn from 500 to 900 fathoms in- 
clusive, for one hour and twenty-three 
minutes. 


First net over 11:53 A.M. 
Towing began 12:41 P.M. 
Nets started up 2:04 P.M. 
Last net up 3:03 P.M. 


All of this is distinctly indicated on the 
disk. The five and ten fathom temperature 
records are almost invisible, but the succeed- 
ing six are clearly shown. 


Then we see the faint indication of the first 
net over just before twelve o’clock, and the 
four successive, slight, lateral indentations, 
indicating the several minutes occupied in fas- 
tening on each additional net. The straight de- 
scent, owing to the slow speed of the tug neces- 
sary for attaching the nets, has carried the 
gauge itself to a depth of one thousand fathoms. 
The immediate towing speed of two knots and. 
the entering angle of 30° bring the nets at once 
up to the estimated levels. The last net is shown 
detached at 3.08 by the gauge, instead of 3.03 
as by our watches. 

On the second disk we see indicated a descent 
to one thousand fathoms at 8:40 A.M. This 
was a test submersion with a thirteen minute 
interval wait at every hundred fathoms. At 
10:10 the cable was hauled steadily in, reach- 
ing the deck at 10:30. 


A few minutes later six one-meter nets were 
attached, twelve hundred fathoms of cable paid 
out and a short haul made of two and a half 
hours. 

These tests were repeated, and in all subse- 
quent hauls of three and four hours duration, 
the depths, and the contents of the nets both 
of fish and of plankton confirmed our previous 
estimates pulled under identical conditions dur- 
ing 1929 and 1930. Which is to say, that the 
apparatus used by us (six one-metre nets, one 
hundred fathoms apart) with a given weight 
at the end of the line, fastened to one-quarter 
inch cable, and drawn through the water at 
an angle of thirty degrees and a speed of two 
knots, gives a depth, when unaffected by ab- 
normal currents, of exactly one-half of the 
amount of wire out. 
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Patten Jackson 


WiLLiIAM BEEBE 


T the home of Dr. and Mrs. Henry Lloyd 
A of Brookline early last winter I was in- 
troduced to a quiet, shy boy of eighteen—Pat- 
ten Jackson. Without saying more than a very 
few words he conveyed the impression that he 
was one of those mortals blessed with the con- 
genital and absolute love of the creatures of 
earth,—a love, as I so 
well know, taking no ac- 
count of money, position, 
opportunity or friends, 
but which, unless stifled 
by main force, wins 
through to expression. At 
one extreme it may mate- 
rialize as a tramp or a 
gypsy; at the other as a 
savant, but when devel- 
oped to the full it cannot 
be gainsaid. 

Later the question arose 
of Patten Jackson join- 
ing my staff and the de- 
ciding word was that of 
one who knew him well 
and also the exigencies of 
my work. The night be- 
fore the boy arrived on 
Nonsuch I told the others 
about him and suggested 
that out of regard for his 
youthfulness they rather 
look after him and see 
that he got into no trouble 
when out of my sight. As 
a matter of fact within a 
week after he joined us 
he was doing the leading and the looking after. 
I have never had a member of my staff react so 
instantly and accurately to suggestions, nor one 
more perfectly balanced, physically, mentally 
and socially. 

I was puzzled for a while about what to 
allot him as his special interest. He saw me 
examining an otolith of a fish one day and 
comparing it with the plates in Allen Frost's 
work. Without any real conviction of his being 
able to develop a satisfactory technique, I sug- 


Patten Jackson. 
Photograph by P. Crouch. 


gested that he try his hand at it. The result 
was that I worked off and on with him, and 
watched him achieve, almost unaided, a remark- 
able technique of dissection, and an ability to 
draw and describe these interesting concretions 
little short of astonishing. 

In three months we had thoroughly accurate 
data of the otoliths of 
ninety species of fish, 
from one to three pairs in 
each case, with auxiliary 
information and measure- 
ments of the statocyst 
and the canals. <A dissec- 
tion of the three semicir- 
cular canals of a shark 
was superior to anything 
of the kind I have ever 
seen. 

But better than all this 
were the gropings of the 
boy after the Whys and 
Wherefores of it all. 
From the first he differ- 
entiated between the nec- 
essary but to-be-subordi- 
nated actual dissections 
and descriptions, and the 
eventual, sublimated phil- 
osophical raison d’etre. 

Patten was taken ill 
when at sea with me on 
the Gladisfen on Sunday, 
September 28th, and in 
spite of an operation by 
skilful surgeons at the 
King Edward VII Hos- 
pital, died on October 2nd from acute appen- 
dicitis and peritonitis. He would have been as 
brilliant and as scholarly a scientist, had he 
lived, as he was a charming gentleman and a 
perfect companion. 

On various expeditions in different parts of 
the tropics I have lost, from first to last, eleven 
men from illness or violent death, but all of these 
have been servants, guides or native savages. 
This is the first instance of the loss of a white 
associate or member of my staff. 
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NEW YORK ZOOLOGICAL SOCIETY 
Log of the Bathysphere 
By Wiiir1amM Berse and Guorta Houuister 
Summary of Dives in Bathysphere 
Dive Date Position Depth 
May Feet 
1 27 St. Georges Harbor to bottom, % mile off shore A5 
June 32° 22’ 25” N, 64° 41’ W. 
2 3 Open Sea, 614 miles south of Nonsuch 2000 
32° 14’ 30” N, 64° 40’ W. 
3 6 Open Sea, 914 miles SxW of Nonsuch 1500 
yA? URS KY INS CNS a AVE 
4 6 Open Sea, 10 miles South of Nonsuch 803 
32° 11’ N, 64° 39’ W. 
5 10 Open Sea, 61% miles SxW of Nonsuch 2000 
32° 14’ 30” N, 64° 41’ W. 
6 10 Open Sea, 514 miles South of Nonsuch 250 
32° 15’ 20” N, 64° 39’ 40” W. 
7 11 Open Sea, 5 miles South of Nonsuch 1426 
32° 16’ N, 64° 39’ W. 
8 Tat Open Sea, 534 miles SxE of Nonsuch 410 
32° 15’ 20” N, 64° 38’ W. 
9 11 Open Sea, 64% miles SSE of Nonsuch 24.50 
BYRD Ths IN AO ai NO! AN 
10 19 Open Sea, 614 miles SSW of Nonsuch 800 
32° 14’ 30” N, 64° 42’ 30” W. 
11 19 Open Sea, 434 miles SxW14W of Nonsuch 800 
32° 16’ 41” N, 64° 41’ W. 
12 19 Bermuda Insular Shelf, 34 miles S. of Gurnet 120 
32° 19’ 30” N, 64° 39’ 30” W. 
13 19 Bermuda Insular Shelf, 34 miles S. of Gurnet 80 
32° 19’ 30” N, 64° 39’ 30” W. 
14 20 Bermuda Insular Shelf, 134 miles S. 34 W 350 
32° 19’ N, 64° 40’ W. 
15 20 Bermuda Insular Shelf, 2 miles SWxS of Nonsuch, ap- 210 
proximately 1% mile off nearest reef, to 381% miles 
SWxSt4S of Nonsuch. Approximately 114 miles off shore. 
32° 19’ N, 64° 41’ W. to 
82° 17’ 40” N, 64° 41’ 30” W. 
1 Feet Stop Start Observations 
paar Dive One 050 10:29 10:31 Clamp attached. 
Descent of William Beebe and Otis Barton in Bathy- 1250 10:35 10:37 Clamp attached. 
sphere May 27, 1980. 45 feet. 10:00 A.M. POU aetaas oe Ure ame ataghed 
St. Georges Harbor, 1% mile off shore Nes oeese fateh Ginae nae: 
82° 22/ 25” N, 64° 41’ W. Nd) gee 
No notes made. 2000 11 on 
1900 11:18 11:15 Clamp unfastened. 
1700 11:21 11:23 Clamp unfastened. 
i about cable. 
Dive Two 1500 IIL 98323 11:55 Clamp unfastened. 
Test dive of Bathysphere. June 3rd. 1930. 2000 feet. about cable. 
10:00 A.M. to 1:40 P.M 250 12:04 12:17 Clamp unfastened. 
: : nae about cable. 
Nonsuch party on board 7:30 A.M. 1050 12:24 12:30 Clamp unfastened. 
Passed Gurnet’s Rock 8:00 A.M. Be oes aru elle ‘ 
; 5 NSS) eee amp unfastened. 
Stopped to let down Bathysphere 9:30 A.M. Shoikcca hice 
Feet Stop Start Observations Pea ete Ube ea het Clem aun ta stened: 
A.M. 450 1:02 1:06 Clamp unfastened. 

0 10:00 about cable. 

50 10:04 10:06 Clamp attached. D250, Peg ee Ee a Clamp unfastened. 
250m mete” Meet axe Clamp attached. about cable. 
450 10:18 10:15 Clamp attached. 5 Oinge tr a  peen ak) Clamp unfastened. 
650 TOR 10:21 Clamp attached. about cable. 
850 10:28 10:26 Clamp attached. 0 1:40 
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Passengers 
WB & OB 


Empty 
Empty 
WB & OB 
Empty 
WB®& OB 
WB & OB 
TW = ie (Ga 
Empty 
WB & OB 
WB & OB 
WB & OB 
WB & OB 
WB & OB 


WB & OB 


Hose twisted 
Hose twisted 
Hose twisted 
Hose twisted 
Hose twisted 
Hose twisted 
Hose twisted 
Hose twisted 


Hose twisted 
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Upper: Bermuda Amphioxus or Lancelet, which closely resembles the ancestral fish. It has no bony 

vertebrae, nor proper jaws, and only a single median eye. It lives buried in the sand near Nonsuch. 

Photograph by J. Connery. Lower: A transparent larval eel (Leptocephalus) which came up in a net 
from a depth of three-quarters of a mile. Photograph by J. Connery. 
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In this descent about 45 turns of the telephone and 
electric light hose were twisted about the steel cable. 
These were caused by the untwisting of the turns 
which the cable had acquired as it was reeled from 
its original wooden drum onto the winch. 

Started toward Nonsuch 1:45 P.M. 

Arrived Nonsuch 3:20 P.M. 

Weather: Clear, bright sun. 

Wind: SE., 2. 

Sea: Calm, low swell, small white caps; swell and 
white caps increasing in P.M. 

Sylvester and crew of 12 men on board. 


Position: 
614 miles south of Nonsuch. 
32° 14’ 30” N, 64° 40’ W. 
Traveling time: 
Down—41 minutes, 100 feet every 2 minutes. 
Up—95 minutes, 100 feet every 4.75 minutes. 
Total average time per 100 feet: 3.4 minutes. 
Total average time per 1 foot: 2 seconds. 


Dive Three 


Test dive of Bathysphere. June 6, 1930. 1500 feet. 
9:25 to 11:00 A.M. 


Feet Stop Start Observations 
A.M. 
Surface 9:30 
200 9 334 9337 
400 9:39 9 341 
€00 9:43 9:45 
800 9:49 9 350 
1000 9:53 9 354 
1200 9 756 9:57 
1400 10:00 10:01 
1500 10:03 10:13 
1400 10:16 10:18 
1200 10:20 10:22 
1000 10:25 10:26 
800 10:30 10:31 
600 10:33 10:36 
400 10:40 10 3:42 
200 10 :44 10:45 


Surface 10:50 
On deck 11:00 
Bell disappeared at 138 feet (42 meters). Movie in 
sphere run by electricity for 1 minute at depth of 1500 
feet. No twist to hose, which was held away from 
cable by ropes about 3 feet long clamped to hose and 
cable. 
Windows not effected by trip. 
Camera still in position in center window. 
About a quart of water in bottom. 
Position: | 
914 miles SxW of Nonsuch. 
32° 11’ 30” N. Lat., 64° 41’ W. Long. 
Traveling time: 
Down—22 minutes; 100 feet every 1:47 minutes. 
Up—25 minutes; 100 feet every 1:67 minutes. 
Total average time per 100 feet: 1:57 minutes. 
Total average time per 1 foot: 9 seconds. 


Dive Four 


Descent of William Beebe and Otis Barton in Bathy- 
sphere, June 6, 1930. 800 feet. 1:00 to 2:00 P.M. 


Feet Stop Start Observations 
P.M. 
Left deck 1:00 Clamps attached at every 100 ft. 
50 1:03 1:04 Many tiny Jellyfish. 
100 1:05 1:06 Jellyfish, blue light, temp. 83°. 


2 Linuche jellies. 
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Feet Stop Start Observations 

150 1:07 Large jellyfish. 

200 1:08 1:09 

250 1:10 : 

300 lese2 1:18 Small Shrimps. 

350 1:15 

400 1:16 1:17 Several Myctophids or Lantern fish. 

500 1:20 

600 1:25 1:28  Salpa string, 3 luminous fish, small. 
Many Shrimps, Jellyfish, 12-inch 
fish, pale blue moonlight, red _ still 
present of Shrimp in bell, temp. 
78°. 

700 1:30 12 fish swimming upright, light still 


present. Large, dark forms seen 
moving in distance. 

Many sparks, several 4-inch dark 
fish, temp. 76°. 


800 1°32 1:37 


803 

800 1:37 

700 1:38 

600 1:40 1:41 
500 1:42 1:43 

400 1:44 1:45 
300 1 346 1:47 
200 1:48 1:49 

100 1:50 1:58 
Surface 2:00 
Position: 


Ten miles south of Nonsuch. 
OZ em lENe teat.) 04029 Wee ong: 
Over 1500 fathoms of water. 


Traveling time: 
Down—24 minutes, 100 feet every 3 minutes. 
Up—10 minutes, 100 feet every 14%4 minutes. 

Total average time per 100 feet: 2:17 minutes. 

Total average time per 1 foot: 1:3 seconds. 

Bell in sight for 138 feet or 42 meters. 

Temperature: On deck 87°, 600 feet 78°, 800 feet 76°. 

Pressure: 360 lbs. per square inch. 

803 feet, 134 fathoms, 245 meters. 


Dive Five 


Test dive of Bathysphere, June 10, 1930. 2000 feet. 
Duration about 2 hours. On deck again 11.10. 

No tangle or twist of hose. 

No water in bottom of bell and no change in suspected 
crack in center window. 

Three feet of rubber hose forced into sphere. 


Position: 
614 miles SxW of Nonsuch. 
32° 14’ 30” N. Lat., 64° 41’ W. Long. 


Dive Six 


Descent of William Beebe and Otis Barton in Bathy- 
sphere, June 10, 1930. 250 feet. 12:54 to 1:06 P.M. 


Feet Stop Start Observations 
P.M. 

Lobster as bait below center win- 
dow. Explorers’ Club and Zoolog- 
ical Society Flags attached on 
outside. 

12:44 W. B. and Otis Barton both in 
Sphere. 
12:45 ‘Door in place. Phone tested. 
12:52 Sphere left deck. 
12:54 Spherein water. Lights tested O. K. 
4 12:56 Sun’s rays are straight down, look 
like rain pouring down. 

100 12:57 Many small Jellyfish. 

150 12:58 2 Caranx-like fish swam past rap- 
idly. 1 good-sized Aurelia. 

200 1:00 2 long strings of Salpa. Feel lighter 
when lowered, same as in an ele- 
vator. 

1:01 Phone connection cut off after sev- 


eral seconds of bad static. 


Feet 


200 Up trip 


Stop 


Position: 
514 miles south of. Nonsuch. 
32° 15’ 20” N. Lat., 64° 39’ 40” W. Long. 
Traveling time: 
Down—5 minutes. 
Up—2 minutes. 


Start 
1:02 
1:03 


1:04 
ESOS) 


1:06 
1:08 
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Observations 


Connection re-established. 

Shut off again. Batteries changed, 
all connections and end _ wires 
tested and tightened to no avail. 

Light switch cut off, and motor shut 
off. 

Still no phone. 

Sphere on surface. 

Sphere on deck. Director saw 24 
Jelly fish on way up. 


Dive Seven 


Descent of William Beebe and Otis Barton in Bathy- 
sphere, June 11, 1930. 1,426 feet. 9:50 to 11:52 A.M. 


Feet 


Stop 


Sph. left deck 
In water at 


50 


100 


150 
200 


250 


300 


400 


1150 
1200 


10:05 


10:10 


10 °13.5 


10:15 


10:18 


10:20 


10:25 


10:28 


10:31 


10 337 


Start 


A.M. 
10:03 
10:04 
10:07 


10:08 


10:09 
10:11 


10:13 


10:14 


10:17 


10:19 


Observations 


Clamps attached every 200 feet. 

Ship’s rope looks like sea-serpent. 

20 or 80 small round jellies of sev- 
eral sizes. 


Red gone, color plates black. Black 
paint around windows of sphere a 
great help. lLinuche jellies. 


Pilotfish around bait, 6 inches long, 
pure white with 8 jet black bands. 


No red or yellow in sunlight. More 
jellies, tail of pilotfish seen again. 


Otis saw pilotfish, fish many colored 
at surface but looks white. 


Can just read print without light. 
W. B. writing, can’t see, yet it 
seems brilliant. It is as dark here 
as it was at 800 feet just after 
noon time. Two strings of Salpa. 
Shrimps look pure white. 

School of prawns. 


Transparent fish with only food vis- 
ible. 3 inches long. Snapper. 


10:19.25 Temperature 76°. Large leptoceph- 


10:21 
HO 322 


10:23 


10:24 
10:26 


10:27 
10:29 
10:30 


10:38 


10 334 


10:85 


10 :36 
10:38 


alus. Many Cavolinia. Several 
Myctophids. 


Bright inside, but can’t see outside. 


Flashes of light in distance. Jet 
black jellyfish 3 inches long. 


Many little Shrimps—like small ten- 
tacles. Argyropelecus. Cubiceps 
near glass. 


~ Temperature 74°. Nice and cool. 


Pretty dim. Meter wheel reading 
IS 231. 

20 or 30 spots going in one direc- 
tion, can’t identify. 


Several mists of little Shrimps. 
Large Serrivomer. 


Pretty dim, can’t see anything, try- 
ing to read, Otis could see plates 
in book but not print. 

Can see loop of slack hose. Hose 
has not pushed into the sphere 
yet. Reading of meter is now 298. 

Blacker than blackest midnight, yet 
brilliant. 20 little fish which might 
be Argyopelecus with lights; if 
so, then these are the young. 

Thick, long, rat-tailed Macrurid-like 
fish with 6 lights went around 
bend of hose. 


Beam of light showing clearly. Meter 


wheel reading is 358. Idiacanthus. 


Two Astronesthes. 


Feet Stop Start Observations 


1250 10:40 Fish 5 inches long, like Stomias. 3- 
inch shrimps, all white. Argyro- 
pelecus in light beam. 2 luminous 
pale white jellies. 


1300 10:41 6 or 8 shrimps. 50 or 100 fire-fly- 
like lights. Small squid in light 
which seems to have no lights, 
went down to bait. Cyclothones. 
Two-inch shrimps. 


13850 10:42 10:48 Light very pale. Temperature is 
72°. Meter wheel reading is 403. 


1400 10:44 10:46 Looking straight down is the black- 
est black of hell. Meter wheel 
reading is 418. 


1426 §=10:47 5 Argyropelecus, dozens of jellyfish, 
many large shrimps, white, by 
bait, tremendous flash. Stomias. 

1426 10 :47.5 

1200 10:50 10:51 #£Jellies going past. Dozen little 
flashes going on and off. Squids 
2 inches long around light. Can 
see edge of flag. 

1150 10:51. 

1100 =10:52 10:53 18-inch fish, largest one yet. 


1000 «=©10:54 10:57 Constant drift of little shrimp across 
glow, also sparks. Walls of tank 
damp with sweat. 


Sr 


950 10:59 Big loop in hose. Large myctophid 
floating on surface by cable; prob- 
ably a joke. 


800 11:01 11:03 Can still see phosphorescence. Some- 
thing flashing around bait, can’t 
see it. Temperature 72°. Little 
round bodied fish went past with 
no lights. Not nearly as much 
light as other day. Walls in tank 
are cold. 


700 11:04 Pilotfish back again. Beam from 
flash light became invisible. 


600 11:06 11:10 Large white body in distance, can’t 
make out shape. Deep-sea fish on 
board. 

550 11:11 

500 II eG 11:13 Faint lights in distance. 


400 11:14 11:15 Shrimp picture in ‘Depths of the 
Ocean”’ still jet black. Can just 
read with lights off. Jellyfish 
going past. Puffer 1 inch long 
swam slowly across window. W. B. 
knows that he saw Cyclothones. 


350 11:16 Little points of light in strings—re- 
flection. 5 loops of rubber hose 
around cable. 


300 11:17 11:19 Something around bait, more hose 
loops. 

250 11:20 

200 11:21 11:28 #Good and light. Saw lighted thing 
which looks like Salpa. More 
jellyfish. At least 10 loops in 
hose. 


150 11:25 11:26 Fine and clear now. — Bathysphere 
reported in sight from _ deck. 
No trace of red in shrimp in 
bottle. 

Surface 11 :30 

On board Pee 3 2 

Out of Sphere 11:52 


NOTE: Meters as recorded are not actual meters but 
the recording of the meter wheel calibrated for 7 
inch cable instead of its original 14 inch. With this 


meter-wheel 150 feet of cable equals 44 meters. 


Position: 
Five miles south of Nonsuch, over a bottom 750 
fathoms down. Drifted farther out. 
32° 16’ N. Lat., 64° 39’ W. Long. 


Traveling time: 
Down—27 minutes, 100 feet every 1:8 minutes. 
Up—23 minutes, 100 feet every 1:5 minutes. 
Total average time per 100 feet: 1:39 minutes. 
Total average time per 1 foot: 1 second. 
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Hyacinthine Leaf Jelly (Periphyllum hyacinthina). A wonderfully beautiful deep- 
sea jelly, purple, coppery and pale blue. This individual came from a depth of 
three-quarters of a mile. 


254 


Temperature on Deck, 88°; 550 feet, 76°; 750 feet, 74° ; 
1350 feet, 72°; 800 feet, 72°. 

Pressure: 652.7 pounds per square inch on Sphere, or 
6,732,469 pounds. Total pressure in tons is 3366.2 tons. 
Depth: 1426 feet, 237.6 fathoms, 435 meters. 
Telephone connection worked well during the whole 
dive with the exception of the last 150 feet when there 
were several breaks and bad static. Phone was tested 
on the average of every minute when messages were 
not being sent up. Light signals were tested twice; 1 
meaning O.K., 3 meaning pull us up. This is to be the 
means of communication in case the phone connection 
is cut off. 


Calculations for Pressure on Diving Sphere 
at 1426 Feet 


Circumference of sphere equals 180 inches by meas- 
urement with a steel tape. In these calculations the 
protuberances on the sphere are ignored and it is con- 
sidered to be a perfect sphere. 


Diameter of sphere . . 57.3 inches 
(Area of sphere D, x pi) 
57.3 
57.3 
1719 
4011 
2865 
3283.29 3283.3 
3.1416 
196998 
32833 
11332 
82833 
98499 


10314.81528 square inches to 
surface of the sphere. 


Pressure at 1426 feet. 
(Pressure at depth — 14.7 lbs. per 10 meters.) 
1426 feet—divided by 6 — 237.6 fathoms 
237.6 fathoms — 433.42 meters 
433.4 meters — 43.4 atmospheres 


Adding 1 atmosphere for pressure at surface of the water, 
we have a total of 44.4 atmospheres— 


44.4 
14.7 


652.7 lbs. — pressure per square 


inch on the sphere. 


10314.8 square inches 
652.7 lbs. per square inch 


722036 
206296 
515740 
618888 


673246996 — pointing off 2 places we have the 


amount of pressure as 6,732,469 lbs. 


Translated into tons, we have the follow- 


ing total pressure... ... . . $366.2 tons 


Dive Eight 


Descent of Gloria Hollister and John Tee-Van in 
Bathysphere, June 11, 1930. 410 feet. 12:32 P.M. to 
1:15 P.M. 


Feet Stop Start Observations 
P.M. 
12:32 Both in bell. 
12:34 Phone test. 


12:34.15 Motor started. Light test. Door in 


place. 
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Feet Stop Start Observations 
12:34.50 Boom lifting. Door hammered into 
place. 
12 :40.30 Lifted off deck. 
Surface 12:41.30 In water. 
50) -12:44.5012:46 50foot clamp in place. Bubbles 
coming past. Still luminescent 


No apparent change in 
Little white darts all over 
place. May be Pteropods. 


152 Small brown jelly. (45 meters on 
wheel.) Little bubbles still flash- 
ing past. 


200-foot clamp in place. One fish 
coming. Can still see a little red 
in shrimp. . (Looked purplish 
brown.) Large white jellyfish. 
Blue color seems to be losing a 
little of its yellowness. Light test 
O. K. One more brownish jelly. 


12:50 Phone test. 


305 12:50.30 Phone test. More jellies. Pale 
translucent jelly. Large bubbles 
still going up. Amount of light is 
quite surprising. Large bubble 
just went up. 

1 shrimp. 

Flashes of light are Pteropods. 
Certain it is triangular Pteropod. 
Holding at 400 feet. Director on 
phone. 


12:55.30 Phone test. 


glow. 
color. 


197 12:48 12:49 


12 352 
400 12 352.50 12 356 


See Director’s streaks. 


410 12:56 1:00 Dropped to 120 meters (410 feet 
actual measurement) by the meter 
wheel. 

410 12:56 Temperature 76°. 1 Brown jelly. 1 
Sapphirina? Carangid of some 
sort, about 2 inches long. 

410 1:00 Going to pull up. Psenes fish. “Take 
it slowly.” 

1:01 Oxygen pressure 800 pounds. Motor 
off. 1 jelly. 
1:03 1 salpa. 1 transparent eel-like lepto- 


cephalid. 


200 foot clamp off. Psenes, silvery 
fish passed again. Porpoise sighted. 


200 1:03 1:04 


1:06 Too much light. Gladisfen to slow 
down. 

1:06 1 brown worm passing. 

1:07 Can see tape from draped flags. 


50 1:07 1:08 Psenes went past again. 50 foot 


clamp off. Pounding on cable 3 


1:09 1:10 times. Heard distinctly. 

1:11 Pounded 4 times, heard O. K. Shrimp 
is getting red. Gloria can see 
atomic theory working!! (joke). 
Bubbles passing by. 

1:11 Plainly in sight. Going to stop at 
surface. Up for photos. 

1:13 Above deck. 

1:14 On deck. 

1:15 Door open, phone off. Very little 
pressure. Slightly noticeable to 
inmates when last amount of pres- 
sure was released. 

Position: 


Open sea, 534 miles SxE of Nonsuch. 
32° 15’ 20” N. Lat., 64° 38’ W. Long. 


Dive Nine 


Test Dive of the Bathysphere, with camera, June 11, 
1930. 2450 feet. 1:50 to 4:18 P.M. 


Feet Stop Start Observations 
P.M. 
Surface 1:50 Camera mounted in window. 
2450 2:45 2 350 Camera run for 75 seconds. 2450 feet 


—836 meters; to phone connection 
—841, 
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Feet Stop Start Observations Feet Stop Start Observations 

Surface 4:17 Light test at 4:16. blue and more violet. Static on 
On deck 4:18 Bad twists of phone cable around phone becoming bad again, but 
steel cable from the beginning. distinct break in wire not noticed 
No water in Sphere. yet. Light signals tested in case 

Barton discovered camera had not | phone should be cut off. 
worked! : 250 10:07 10:08 Temperature reading is 76°. Air 
Position: very sures in Balby sphere: Ry 
4 j er 4 disappears two-thirds aroun 
6% putes te ou NGHISTE the circle (5.6), Violet and blue 
32° 15’ N, Lat., 64° 37’ 10” W. Long. the same as above. Green dim 


but almost as wide; rest dirty 
yellow with brown edge. 


800 10:11 10:18 Psenes took a bite at the hook. 


Traveling time: 
Down—55 minutes. 


Up—1 hour 26 minutes. : Backed away.  Psenes piven 

: : white with no blue at all. Looke 
Total average time per 100 feet: 2:53 minutes. 7 aicade sortie Naskeaeain’ and 
Total average timie per 1 foot: 1:73 minutes. went away. Barton saw this also. 
Pressure at 2450 feet: 1102.5 pounds per square inch Number 4 just visible opened, but 
or 5686 tons total. disappears at a little twist (11.3). 


Whole spectrum dim. Yellow al- 
most gone, its dirty brown edge 


ray? a towards red end. Violet seems 

Ive ien narrower than at ue surface. 

sates ki H—int it- 

Descent of William Beebe and Otis Barton in Bathy- y hone snet Mees Boone Sane 
sphere, June 19, 1930. 800 feet. 9:48 to 11:32 A.M. carrying clearly. 


350 10:14 10:15 Next time try fresh fish as bait. Jelly 


eo oP Su COREBE TONS and Sagitta seen. Number 4 visi- 


A.M. ; ble only wide open (16). Brown 
On deck 9:30 Both in Bathysphere. edge of green gone completely. 
9:35 Door on, opened to give Director an Analysis of spectrum; 50 per cent 
elastic band. blue-violet; 25 per cent green, and 
9:42 Door hammered in place again. (2 25 per cent colorless pale light. 
men working, 16 men audience.) 400 10:16 10:17 Small fishes 1 inch long. Number 4 
9:45 Director says that bait, fish hooks, wide open sree as a mere trace 
and thermometer are in good po- of light color, oN asa number. 
sition. (‘“Loud Pilchards” used as Shifted to 30, which I can just 
bait—these wrapped in cheese distinguish at lowest aperture 
cloth and tied to bracket which (2). 2 silver eels 6 inches long, 
Barton rigged to left window. 6 stopped at the bait, then hurried 
small baited fish hooks dangled away. Spectrum same but duller; 
from the end of the bracket. An violet has completely taken the 
ordinary thermometer was tied to place of the blue. 
outside of left window.) 450 10:20 10:21 #£Can still see Number 30 at the low- 
Surface 9:48 Just below surface red of spectrum est aperture faintly (2). Blue all 
diminished % width. pone : NOERS but viele ane 
20 9:49 9:51 Thin line of red mostly orange; gone UD) VMOU GtaeO. | ash we 


clothones in light beam, but abso- 
lutely invisible without the light. 
Satisfactory light test. Phone con- 
nection poor, but can get mes- 
sages. 


from 700 to 650 (reading of spec- 
troscope). Can see hull of Ready 
plainly. Number 4 disappeared 
completely on the smallest adjust- 
ment of the Exposuremeter (2). Uw REOCODS rotooe REL (eras ea ai t 10-22 is 70° 
50 9:52 9:55 Clamp. feltele brown jellies. Number ; ‘ > a Se oi WCVB rele visible not 
4 as strong as before. Red abso- ‘ : 
lutely gone. Orange at 625. Other recon nizablew es a ane ure at. the 


; ; F lowest point (2). Every color of 
bands as usual. 8 big Bonito-like ss i 
fish about 15 inches long. the spectrum has gone except vio 


let. If I didn’t know that there 


100 9:56 10:00 Barton checked up instruments and was green at the other end, I 
reported everything all right. could not have named the color. 
Phone tested, working fairly well Light turned on for temperature 
at this point, slight static, espe- reading. 68° at 10:26. Light 
cially when Barton moves around. out. This light test was reflected 
Emergency signals tested with on the instrument board on deck. 
lights by Barton and Hollister at I can still read large print. On 
instruments. Six 38-inch silvery circular color chart there is not 
fish. Orange much narrowed at any color which can possibly be 
660. Rest of spectrum normal. named. 


Number 4 disappears at a point 550 10:30 


above the lowest (2.4) Salpa, 38 10:30.5 Can still see Number 30 as a faint 


Strings) 62 ‘transparent Gellics as blur at the lowest twist. A pilot 


: fish 
transparent fish shaped like : 
Pesuae Dozens of Heepatent 600 10:31 10:85 Two pilotfishes. Number 380 still 


jellies about 14 inch long. Little qeible ae ce ena abut as a 
we ibneads going through water eee ay nes Owes wit Seer 
are Sagitta. t 10: A 

150 10:02 10:03 Just a thread of orange. Visibility 650 10:36 very dim. No color. 


much better since walls have been ; 
painted. Baited fish hooks clearly 700 10:37 10:40 Temperature a little over 70° at 


visible in middle of window. This 10:37. Spectrum a dull gray 

idea is a great success. Powe rh conten, acing out on ee 

f ‘ side. o color whatever. umber 

170 No Ons Sagitta. Little Pteropods 30 is still detectable at the lowest 
BA EAs: point. Very bad static with com- 

200 10:05 10:06 Clamp. Number 4 disappeared at the plete break in connection for sev- 
half way turn (5). No orange left. eral seconds at a time. Hollister 

Faint yellow well within the 600; sent one flash on electric light sig- 


less green than at surface, less nifying that all was right on deck. 


ovember-December, 1930 


A larval Lanternfish or Myctophid. The curious finfold which surrounds the body and precedes the 
vertical fins is still well-developed, but is slowly being absorbed. 


A larval Melanostomid fish. with the finfold still complete as a delicate, waving veil. The real fins are 
faintly visible near the tail. Photographs by J. Connery. 
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Observations 


We responded with light 
then the phone connection 
turned and static lessened. 


A fish 3 feet long went past. lLarg- 
est one seen yet. It had a long, 
sharp tail and was Melanostomid- 
like. 8 more transparent fish swam 
past. 


Lights out. Stiil detect Number 30 
at the lowest (16). Spectrum dull 
gray, fading rapidly out. Spec- 
trum pale grayish white, lightest 
in the heart of what once was 
blue, at the 520th wave line; fad- 
ing out slowly toward violet end, 
much more abruptly toward the 
red end. Not a particle of the 
faintest color distinguishable by 
either Barton or myself. Tem- 
perature 70° at 10:47. 2 dark fish 
about 3 inches went past. 2 spot- 
ted fish about 1 inch long went 
past. 2 more fishes like Cyclo- 
thone went past the light. (En- 
gine speeded _ up.) Numerous 
fishes. Still brighter. Argyrope- 
lecus, 15 or 20. Many shrimps. 
About 80 spots to the second flash 
in all directions. Conditions are 
grand. Continuous passing like 
the play of sunbeams. Absolutely 
invisible outside light. Another 
large fish. Worm all broken to 
pieces in light. Things are gath- 
ering around the light. Taking a 
movie, 10:50. 10:56. Took a short 
movie. No diminution of speed; 
fish swim as fast as at the sur- 
face. 40 little fish like Cyclo- 
thones all together. Silver eel. 
Thermometer reading just the 
same at 10:52. Certainly this is 
the Silver Zone. Can read large 
print. Bad telephone static. For 
several minutes static continued 
and many times the connection 
was dead. This became so serious 
that it was thought best to raise 
the Bathysphere immediately. 


2 silver eels around light. 


and 
re- 


2 Psenes. 


String of jellyfish the whole time. 
Saw black forms in distance. 4 
are coming nearer. 


Black fish went by 
Puffer 8 inches long. 
went overhead. 


Violet, and palest green and nothing 
else. 


Saw leptocephalus right past hooks. 
It wound in and out, and was 
about 6 inches long. 


Psenes, brilliant gold in the light. 
Temperature 69° at 11:18. 2 large 
fish. 


Violet and green. Yellow green to 
the end of spectrum on red side. 


Psenes again. Very bad telephone 
static. 


Violet is normal. Blue and green 
narrow. Goes off in light reddish 
brown line. Transparent jelly. 
Color chart, all colors look normal 
except red, which looks brown. 


Little silver fish 1 inch long. 


in distance. 
Something 


Temperature 72° 11:21. Brown but 
no red in spectrum. Hooks per- 
fect indicator of direction sphere 
is going. 


Triggerfish around hook, 2 inches. 
Alternate black and white bands 
from snout to tail. Taking movie. 
Hooks indicate strong current. 
Fish working hard to keep up with 


SO Ci18, 0 wv ADC 
Feet Stop Start Observations 
it. Leptocephalus 12 inches long, 
very slender like a snake. More 
jellies. Bell in sight. Leaving 
triggerfish behind. 

80 Director wants a mask made to keep 
his breath from the glass. Small 
leptocephalus. 6 Pteropods. 

50 11:29 11:30 #£«Distinct line of orange. 

PA) UL SBI 11:31 More fish. 74° temperature at 11:31. 
Lost Ipnops!! (joke). Grand dive. 

Surface 11:32 
On deck 11:34 
Position: 


6.5 miles SSW of Nonsuch. . 

32° 14’ 30” N. Lat., 64° 42’ 3” W. Long., at 11:20 

A.M. 
Deck temperature, 88°; 250 feet, 76°; 500 feet, 68°; 
600 feet, 70°; 700 feet, 70°; 800 feet, 70°; 400 feet, 
69°; 200 feet, 72°. 


Traveling time: 

Down—22 minutes. 

Up—15 minutes. 
Total average traveling time per 100 feet: 2:31 minutes 
Total average traveling time per 1 foot: 1:3 seconds. 


Note to Dive Ten 


My intensity records made on Dive Ten were taken 
by means of a photographic “Cinophot.” I have re- 
peated these records of brightness by means of the 
illumination from an elongated wooden box enclosing 
an incandescent lamp. This runs on a track, thus ap- 
proaching or receding from an end window fitted 
with opal glass. Mr. Norman Macbeth of the Mac- 
beth Daylighting Company has very kindly checked 
these records on one of his delicate Illuminometers, 
and has translated their corresponding values into 
Millilamberts and Candlepowers. 


Brightness 
Depth Milli- Candles Candles Candles 
in lamberts per per per 
Feet sq. foot sq. inch sq. cm. 
50 36.00 10.40 0.07388 0.0114 
100 11.40 3.37 0.0234 0.0036 
200 1.37 0.41 0.0028 0.0004 
250 0.72 0.21 0.0015 0.00023 
300 0.53 0.15 0.0011 0.00017 
350 0.40 0.12 0.0008 0.000138 
500 0.075 0.02 0.0001 0.000024 


As far as my eye could record, there was no further 
change from 500 feet to the extreme depth of this 
particular dive, of 800 feet. 


The illumination term “Brightness” is defined by 
Mr. Macbeth in order to make the above table more 
understandable. An object is said to be bright if it 
emits or reflects light, and through the fact of its 
brightness becomes visible. Used in this sense the 
term “bright” is purely qualitative, and, in order to 
fix the brightness of objects for comparison pur- 
poses, a quantitative scale is necessary. 


In order to supply such a scale, the brightness of a 
surface when viewed in any direction is considered 
to be the ratio of the luminous intensity or flux— 
either emitted or reflected—expressed in candlepower 
measured in that direction, to the area of this sur- 
face projected on a plane perpendicular to the direc- 
tion considered. 


The brightness of a surface is always expressed 
in terms of luminous intensity per unit of projected 
area. The units used to define it are the lambert, 
millilambert, candlepower per square inch and can- 
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A sabre-toothed 
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fish from 700 fathoms (Omosudis lowi). In spite of its great fangs this fish is sometimes 
overcome and swallowed by a fish one-third its size (see page 221). 
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dlepower per square centimeter. One lambert equals 
1000 millilamberts, equals 296 candlepower per square 
foot, equals 2.054 candlepower per square inch, equals 
0.318 candlepower per square centimeter. 


Distance has nothing to do with brightness—which 
means that no matter at what distance from a light 
source, or other bright object, an observer places 
himself, it will appear always of the same bright- 
ness. The explanation of this lies in the fact that 
while the total quantity of light entering the eye 
varies inversely as the square of the distance be- 
tween the observer and the object, the area of the 
image formed by the object on the retina of the 
eye varies in like proportion, so the intensity of this 
image remains constant. In other words, the bright- 
ness of the retinal image is always the same. 


Dive Eleven 


Descent of William Beebe and Otis Barton in Bathy- 
sphere, June 19, 1930. 800 feet. 12:56 to 2:08 P.M. 


Feet Stop Start Observations 
P.M. 
Surface 12:56 Flyingfish. 
25 04 377 
50 12:58 1:00 Small transparent jellies. 40 or 50 
small fishes in a school: pearly 
blue with clear yellow vertical 
bands. 6 or 8 small Pteropods. 
100 1:01 1:02 
150 1:08 
200 1:04 1:06 Psenes again, same kind as in Dive 
10. 20 Pteropods, very lovely, 
large, transparent jellies, 4 inches. 
Motion picture taken of Psenes. 
250 1:07. Psenes in the distance. 
300 1:08 1:09 Small Pteropods. Shrimps  con- 


stantly seen. Pteropods at this 
depth look like silvery vibrating 
bubbles of air. 


Faint luminescence seen for first 
time. Can see a big jelly go away 
at least 20 feet before it vanishes. 
Luminscent jellies. 2 big Firolas 
15 inches long. String of salpa 
with about 30 brown bodies. 


400 1:11 1eeh2 


456 1:13 

470 1:14 1:15 

550 1:16 The usual jellyfish, Pteropods and 
shrimp. : 

600 1:17 1:18 Leptocephalus 6 _ inches. 5 fish, 
Seriola-like. 2 round fish with 
black spots. They look trans- 
parent. 

650 1:18.5 School of 100 Pteropods, golden in 
electric light. 

700 1:19 1:22 Jelly, 1 foot, apparently with lu- 
minescent food in its stomach. 
Swam past window. 

750 1:23 Brightness of blue is astonishing 
when I look up. Downward it 
seems very black. Something 
around the bait. Very bright. 

800 1:24 1:41 2 black fish 8 inches long going by. 


Rat-tailed: probably Idiacanthus. 
2 long silver eel-like fish, probably 
Serrivomer. Fish and _ inverte- 
brates go up and down the shaft 
of light like insects. 8 Myctophids 
with headlights. Diaphus. (Work 
with a mirror next time.) 2 more 
different Myctophids. The same 
three Myctophids with headlights. 
20 Pteropods and 6 or 8 Argyro- 
pelecus altogether. 8 more Ptero- 
pods. Little twinkling lights in the 
distance all the time, pale green- 
ish in color. Eels, 1 dark and 1 
light. Big Argyropelecus coming. 
Looks like a worm head _ on. 
Eustomias-like fish 5 inches long. 
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Feet Stop Start Observations 
30 Cyclothones, greyish white. 
Could see every movement. An 
amazing number of fish seen in 
seventeen minutes. 

750 1:41.5 

700 1:42 1:43 

650 1:44. A dozen shrimps with luminous 
spots. 

600 1:45 1:46 

550 1:48 

500 1:49 1:50 Temperature 69° at 1:50 P.M. Most 
beautiful blue of all at this depth. 
Lots of Pteropods, at least 50. The 
bell reflects full motion of the ship. 

450 1350.5 

400 1:51 1:56.5 2 Psenes 2 inches long. Pteropods. 

350 1:57. 10 brown jellies, Linuche. 

300 1:58 1:58.5 

250 1:59 Psenes 3 inches long. 

200 2:00 2:01.5 

150 2:02 

100 2:03 2303.5 

75 Transparent jellies going past. 


50 2:05 2:06 
25 2:06.5 2:07 


Surface 2:08 
On deck 2:09 
Position: 


434 miles SW of Nonsuch. 
32° 16’ 41” N. Lat., 64° 41’ W. Long., at 1:00 P.M. 


Traveling time: 

Down—15 minutes. 

Up—17 minutes. 
Total average traveling time per 100 feet: 2 minutes. 
Total average traveling time per 1 foot: 1:2 seconds. 
Temperature: 500 feet, 69°, at 1:50 P.M. 


Dive Twelve 


Descent of William Beebe and Otis-Barton in Bathy- 
sphere, June 19, 1930. 120 feet. 3:02 to 3:20 P.M. 


Feet Stop Start Observations 
P.M. 
Surface 8302.5 
20 3:03 3 :03.5 
40 3:04 
50 3:04.5 3:09 
60 Salpa and jellyfish. 
715 3:10 3:11 
100 SMI — BSB 
120 3:12.5 3:17 Parrot-fish, 3 species; 2 foot angel 
fish. Brain coral. Dozens or so 
of little blue fish 6 inches, Scarus 
caeruleus. See bottom plainly. 
Big moray, 4 feet. Largest angel 
fish ever seen, 2% feet long. Huge 
sea plumes. Dark blue parrot-fish, 
with a broad, vertical, pale blue 
band. 7 
110 8:18 
Surface 8:20 
Position: 


34 miles South of Gurnet. 
82° 19’ 30” N. Lat., 64° 39’ 30” W. Long., at 3:25 
Jeol ls 
Traveling time: 
Down—3:5 minutes. 
Up—3 minutes. 


Dive Thirteen 


Descent of William Beebe and Otis Barton in Bathy- 
sphere, June 19, 1930. 80 feet. 83:22 to 3:37 P.M. 


Feet Stop Start Observations 
P.M. 
Surface 8:22 
60 3325 3:30 
70 3:31 3335 
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The green-toothed giant Parrot-fish balancing upright in mid-water while a school 
of Wrasse cleans its scales of bits of coral debris: A common reciprocal relationship 
between Pseudoscarus guacamaia and Iridio bivittatus. 

Painted by E. M. Bostelmann. 
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ye silvery Ichthyococcus, ablaze with lights, which is not uncommon in the deep sea. In form it stands 
midway between the bizarre-shaped Hatchet-fish and others of more normal appearance. 


A tiny. glass and gold jelly from below the limits of light, as fragile as tissue, yet living in a pressure 
; of 800 pounds to the square inch. Photographs by J. Connery. 


Feet Stop Start Observations 

75 3:36 3:36.5 Bottom just appearing. 

80 3:37 School of Kyphosus, 40 or 50. Moray 
eel 4 or 5 feet long. Aulostomus 
4 feet. Almost desert-like. No 
vegetation. All rocks. Coral scat- 
tered here and there. Rocks have 
all been exposed. 

70 Have seen a new fish. Cable lying 


on the bottom! Largest blue par- 
rot fish, 3-4 feet long. Huge cav- 
erns and abysses. 
Surface 3:38 
Position: 
34, miles South of Gurnet. 
32° 19’ 80” N. Lat., 64° 39’ 30” W. Long., at 3:25 
P.M. 


Traveling time: 
Down—10:5 minutes. 
Up—1I minute. 


Dive Fourteen 


Descent of William Beebe and Otis Barton in Bathy- 
sphere, June 20, 1930. 350 feet. 9:21 to 9:51 A.M. 


Feet Stop Start Observations 
A.M. 
8:10 “Ready” under tow. 
8:18 Castle Roads. 
8:24 Passed Gurnets Rock. 
Course, SSW to edge of deep. 
Moderate steady swell. 
8:45 Lights tested. 
8:50 Sounding 150 feet. 
9:00 Motor tested. 
9:02 Stopped towing. 
9:06 Sounding 170 feet. 
9:07 Door in place. 
9:10 Door fastened. 
9:18 Sounding 200 feet plus. 
9:17 Plug in. 
9:19 Bell over. 
9:20 Sounding 200 feet plus. 
Surface 9:21 Under surface looks quilted. Bubbles 
three-fifths under surface. The 
windows are facing front. (Rud- 


der appears to be working splen- 


didly.) Waves look like little 
tucks from bottom. 
20 9 :22 9:24 Red is down to @ narrow line. 


Nothing above 625. 
Linuche jellies. 


Half a dozen 


50 9:25 9:26 Spectrum reading: A faint, brownish 


red line at 600. 


75 ‘Ready for 100 feet.’ Two big fish 
passed at seventy-five feet. 


100 9:27 9:28 Thinks he can see bottom faintly. 
(Soundings, none at 200.) Spec- 
trum reading: No red at all. Thin 
line of orange. Violet has come 
down to 450 and has considerably 
overspread blue. Whole spectrum 
dimmer. 


125 9:29 9:29.5 No radical change in spectrum; 


orange line a little thinner. 


sun out? (Yes, but dimmed.) 
We are still facing forward as 
hooks are facing back. 


Send to 200 feet. 
200.) 


One inch jellies going past, trans- 
parent. Whole spectrum dimmed. 
Blue practically gone, violet over- 
laid it. Yellow is dirty yellow 
with just a little dirty fringe. 
Lower to 225, bottom not in sight. 
(Motor on at 10:25, light test 
0. K. Light turned off in bell.) 
‘Ready for 225.” 


150 9:30 9:30.5 Is 


175 9:31 9 331.5 (No sounding 


200 9 32 9335 
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Feet Stop Start Observations 

225 9:36 Small silvery fish 4 inches long. 
Lower to 250. 

240 Small flock of sagitta. 

250 9:37 9:38 (Waiting for stronger sun light.) 
Spectrum reading: Darkest part 
on edge of green and violet. Green 
the lightest part of the spectrum, 
going off into dark violet at other 
edge of spectrum. Yellow dirty. 
“Lower 25 feet more.”’ 

300 9:39 9:39.5 Take sounding, lower 25 feet more. 
325 9:40 Leptocephalus went past. Lower to 
350 feet. 

350 9:40.5 9:42 Is tug pulling steadily ahead? (Tug 
parallel with coast and slightly 
in.) Light on in bell. Light off in 
bell. Raise. 

325 Spectrum reading: Very dim, violet 
overshadowing green. 

300 9 343 

250 Reading of color chart; corresponds 

exactly with spectrum. 

200 9 345 9:45.5 Chart from beginning of red to 
yellow is brown. 

150 9:47 No red yet. Reading on spectrum 
about 600. 

100 Motor off. 

50 9:48 9:50 Thin line of red brown just above 
600. Regular jellies and little 
sagitta going by. No Pteropods. 
Facing ahead as all creatures are 
coming head on to them. Much 
easier to see. 

25 Only a little red now. Growing rap- 
idly. 650 reading. 

Surface 650 jumped to 700 as we came out 
of water. 

On deck 9 352 

Door off 10:00 


Bathysphere came up facing same way it went down, 
showing that rudder works. Plug off 9:54. 
Traveling time: 


Down—9:5 minutes. 
Up: 6:5 minutes. 


Dive Fifteen 


Descent of William Beebe and Otis Barton in Bathy- 
sphere, June 20, 1930. 210 feet. 10:21 to 11:05 A.M. 


Feet Stop Start Observations 
A.M. 
Surface 10:21 
10 10:21.5 Lower to 20 feet. (Sounding 55 ft.) 
20 : 10:22 Can just see bottom. Lower another 
ten feet. 
BO O28} TL a7 (Big hole ahead.) Otis saw Holothu- 


rian. Bottom looks rather dead. 
Moving obliquely forward to left. 
(10:26 sounding 50 feet.) Swing- 
ing at an arc of about 30 degrees. 
(10:27 sounding 75 feet.) (Sound- 
ing made in hole.) Many big dark 
blue parrot fish dominant fish here. 
Big Aulostoma three feet long. 
General bottom vegetation like 
that along shore, more covered 
with layers of sand. (10:30 sound- 
ing 55 feet.) (Boat rolling.) 
School of big Kyphosus about 
eighteen inches to two and a half 
feet long. About twenty in num- 
ber. (10:31 sounding 50 feet.) 
Small wrasse with dark strips on 
them. (Wind increasing a bit.) 
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A black sea dragon (Linophryne) from 600 fathoms, with white tail and barbel and 
luminous teeth. 


Feet Stop Start Observations Feet Stop Start Observations 
(10:35 sun under, casting no 170 10:58 10:58.5 (10:30 sounding 195 feet.) Ten 
shadow.) (10:36.) Thousands of more feet. 


i i ) 
Ly eth all AACS aad 180 10:54 10:54.5 (10:56 sounding 230 feet.) Ten 


orange around mouth. Looks pale more feet. 
but probably cerulean blue. Six 190 10:54.75 10:56 (Motor on, lights on at 10:55. Lights 
inches to two feet long. (10:36 turned off in bell.) Send to 200 
sounding 75 feet.) Seem to be feet. 
moving obliquely to. current. ; 
Lower up to 50 feet. 200 10:56.5 10:57 Ten more feet without clamp. 
50 10:88 10:42 (10:38 sounding 95 feet.)  (10:40.) 210 10:58 10:58.5 Put on clamp. Hold. No clamp. 
Nothing but deep orange at 610. Pull to surface. 
55 (10:41 sounding 100 feet.) Lower 190 10:59 
to 75 feet. 180 10 :59.5 
: : 160 Hold at 50 feet. 
75 10:42.5 10:48 Just picked up bottom very faintly. 140 11:00 
Sandy desert, very dim. (10:42 120 11:00.25 
sounding 105 feet.) Ten more 100 11:01 
feet. 85 11:01.5 
rm AS , 75 11 :01.75 
pole abgah ow MOA: oo MEY, , we foun SENON ese. 50 11:02 11:03 Spectrum reading: violet goes to 
(10:43.) Big fish but too dim ta 
identify. (10:45 sounding 140 feet.) 450, extends way over blue, green 
monn ta 100 Perel, = } brightest color. Nothing but deep 


orange 625. (11:02.) 


25 11:03 11:04 To 650. Orange, and not red, spreads 
to 650. On color chart: numbers 


100 10:46 10:47 (10:46.) (Sounding 145 feet.) Lower 
to. 110 feet. 


110 10:47.5 Ten more feet. (10:48 sounding 160 1, 2, 8, are dark brown, number 4 
feet.) No bottom seen. a yellow brown. All the rest 
re seem to be normal. Raise to deck. 
120 10:48 10:49 Twenty more feet. 660 nothing but orange three feet 
“4.9. . i F : under surface. Extends to almost 
Beet bee sg Sea nine Ree a rae 700. Dull brownish red three feet 
feet. under. 
Surface 11 :04.5 
150 10:50.5 10:51 We can see bottom dropping off, On deck 11:05.5 


looks flat, must be about tweiity- . i 
five feet above. (Sounding 175 ‘Traveling time: 


feet.) Ten more feet. Down—24 minutes. 
160 10:52 10:52.5 Ten more feet. Up—4 minutes. 


November-December, 1936 


A school of Cyclothones pursuing their prey. These are the most abundant of all 
deep-sea fish, and we sometimes take several hundred in one net. 
Painted by E. M. Bostelmann. 
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Kangaroos and ‘Their Kin* 


Australia’s National Animals in the Wilds and Captivity. 


Cuarurs Barrett, C.M.Z.S. 
President of the Field Naturalists’ Club of Victoria 


Illustrations from photographs by the author taken in Australia, and from the collections of the 
New York Zoological Society by Elwin R. Sanborn. 
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Kangaroo.” Though many millions have 
been slain for their pelts and persecution is al- 
most unceasing, kangaroos and wallabies occur 
abundantly over wide areas of our island-con- 
tinent. 
wealth states, excepting Tasmania, kangaroos 
are increasing, and only this year “drives” were 
carried out, to thin their ranks, in several dis- 
tricts. Protection proved to have definite 
vival value” 


sur- 

before the game laws guarded 
them, kangaroos were becoming fewer every 
year in Victoria. 

Other states, much larger than Victoria, al- 
low kangaroos to be hunted all through the 
year; but eventually will be compelled to pro- 
tect them, at least to limit the hunting season— 
else lose our national animals as familiar ob- 
jects of open forest country and the plains. At 
present, happily, none of the large species is 
in danger otf extinction, though some of the 
smaller forms (wallabies), are becoming scarcer. 

It is one hundred and sixty years since the 
first kangaroo was seen by white men. The rec- 
ord of a remarkable discovery is given in the 


original account of Captain Cook’s voyage, dur- | 


ing which he chartered the east coast of this 


Cook 


country and made it a British possession. 


* Scientific nomenclature has been left to the discretion 
of the Author.—Kd. 


In Victoria, smallest of the common- 


was the real founder of Australia; and was it not 
fitting that our world-famous mammal should by 
him have been discovered ? 

Not the great navigator himself, but one of 
his men first sighted a kangaroo. It was on a 
winter’s day—June 22nd, 1770. A party from 
the Endeavor had been sent into the bush to 
shoot pigeons, as delicate food for the sick on 
Captain Cook’s staunch little vessel. They dis- 
covered many Indian (sic) houses, the narrative 
states, and a fine stream of fresh water—and 
the kangaroo! Returning, they reported having 
seen “an animal... as long as a greyhound, of 
a slender make, of a mouse color, and extremely 
swift.” Soon afterwards the Captain himself, 
and several others, including (Sir) Joseph 
Banks, the botanist, had the good fortune to 
see the strange animal. Eventually a specimen 
was shot. Since then millions have fallen to the © 
gun, or other weapons. 

The destruction of these marsupials has been 
encouraged by Governments placing a price on 
their heads. In twenty-five years (1877 to 
1902) the Queensland Government, it is re- 
corded, paid for the scalps of nearly seven and 
a half million kangaroos and wallabies! The 
tally for six months only, on one station (ranch) 
was 60,000. 

There has been no truce in later years. Vast 


numbers of kangaroos and wallabies are killed 
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annually by the pelt hunters. It is ruthless 
slaughter for gain, and, although conservation is 
urged by naturalists and nature lovers, it is justi- 
fied, not on the score of commerce only, but for 
the reason that the grass-eating marsupials are 
competitors of sheep and cattle for natural food 
supplies, and they raid cultivation areas when 
the crops are young. Thus pastoralist and farmer 
have ever been leaders in the endless campaign 
against the kangaroos, and some of their smaller 
cousins, the wallabies. It has been, in all states, 
(Victoria excepted, in recent years) a war of ex- 
termination. Fortunately, some pastoralists give 
a measure of protection to the kangaroos on their 
wide holdings of the country. Besides, there are 
large reserves, sanctuary for all the Australian 
animals that frequent them. Conservationists do 
not despair of saving kangaroo and wallaby for 
posterity, though inevitably, as closer settle- 
ment spreads over the vast station areas, native 
animal life must steadily decrease. 

Results of Destruction:—Those who hold a 
brief for the marsupials claim that wholesale 
destruction of kangaroos and wallabies has not 
achieved its main object. I quote from a stand- 


ard work, “The Animals of Australia,’ by Dr.. 


A. H. S. Lucas and the late W. H. D. Le Souef 
(former Director of Melbourne Zoological Gar- 
dens), the following: 


“In many districts the slaughter of their nat- 
ural prey has turned the attention of the dingo 
to the sheep, and when once a dingo has tasted 
sheep he is henceforth contemptuous of kan- 
garoo. Another evil has been ascribed in 
Queensland to the destruction of kangaroos. 
They were wont in past times to crop down the 
grass which grew in and around the patches of 
scrub where the sheep had not as yet penetrated. 
Now the grass grows and withers, and thus af- 
fords tinder for serious bush fires.” 


Dingoes (Canis dingo), the wild dogs of Aus- 
tralia, hunt in packs, alone, or in pairs, and are 
notorious sheep-killers. They take heavy toll of 
the flocks, and have no human friends, except- 
ing the aborigines, who domesticate these “war- 
rigals.’ In the inland areas, where human 
habitations may be fifty miles apart, dingoes 
abound. So numerous are they, in parts of 
Western Australia, that trappers are “in 
clover.”” One man, whose camp I visited a few 
months ago, told me that his average earnings 
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amount to £15 (75 dollars) weekly; while oc- 
casionally he made five times as much. The 
“bounty” paid is £2 (10 dollars) for each 
“kill.” Scalps and tails are the proof required 
before payment. Dingoes still prey upon mar- 
supials, where they cannot get sheep; but un- 
doubtedly man’s war against kangaroos has 
tended to make the wild dog a sheep-killer. 


The aborigines, of course, for many cen- 
turies, were enemies of the kangaroos and their 
kin; and still are in the central and northern 
portions of Australia. But, from the greater 
part of the continent the native tribes have dis- 


appeared, or are represented by a -few. scores 


or, hundreds. of.. more-or-less. civilized» blacks, - 
mostly on mission stations or in reserves for 
aborigines. Many of these people have never 
hunted the kangaroo; some know less of its ways 
than does the city-business man, who, with a 
taste for natural history, spends his holidays out 
in the wilds. 


The aborigines, nowadays, hardly count, ex- 
cepting in the unsettled and “undiscovered” re- 
gion, as enemies of the kangaroo. And even 
when the land was solely theirs, before the white 
man came, the blacks were no great menace to 
marsupial life: they were not sufficiently nu- 
merous, with all their hunting, to check the in- 
crease that nature ordained. Kangaroos and 
wallabies swarmed on the grass-plains and in 
open forest regions and, according to their spe- 
cies, in other classes of country. True, certain 
kinds, now rare, may never have been very 
abundant; but those with which we are most 
familiar, doubtless existed in countless numbers 
long ago, where now there are a few thousands 
or hundreds only. 


The records of the rocks show that from the 
“Dream Time,’ as Arunta natives term the era 
of their legendary ancestors, the kangaroo has 
been associated with aboriginal life. One of 
the many “totem’”’ animals, the kangaroo is for- 
bidden as food to those tribesmen whose totem 
it is. It is figured in primitive “art galleries,” 
either painted in white (pipeclay) or red ochre, 
or carved in the living rock of caves and shel- 
ters. Many of these portraits of Macropus have 
I seen: some crude as a child’s chalk drawing 
on the nursery floor; others, though only in out- 
line, nearer to nature than are the kangaroos 
painted in our studios ! 
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Some of the rock-carvings are fine examples 
of “pecking,” a very ancient craft, or art. The 
lonely, rugged Mootwingee Range, in north- 
western New South Wales, was for centuries 
frequented by the blacks, maybe for ten thou- 
sand years. ‘They have all gone now, and the 
gorge, where they feasted and carved figures and 
symbols on the rocks, is guarded by the white 
man’s law as a reserve because of the art they 
expressed there. 


When I was at Mootwingee, kangaroos often 
came near to the camp, just below the rock-holes 
that hold water even during a drought. These 
natural reservoirs, in an arid region, attracted 
both birds and marsupials; and the blacks could 
live at Mootwingee when, for miles around, the 
country was waterless and sere, and almost 
It was unsafe, in those far off days, 

" as we 


gameless. 
for a kangaroo to appear “within cooee,’ 
say, of any camp-site! But then the animals 
were numerous; now they are few in the ranges. 


There are innumerable pictures in that gal- 
lery, formed by nature, and decorated by primi- 
tive man. Flat and sloping rock-faces are cov- 
ered in carvings; while a great high and shal- 
low cave, which was used by the blacks as a 
shelter, has its walls flaked with “red hands” 
and other paintings, one being in the form of 
a huge serpent. On the rock by a pool are emu 
feet, thought to be the oldest petroglyphs in 
the romantic gorge. Their age has been esti- 
mated at from five to ten thousand years. Very 
ancient they certainly are. 


In myth and legend the kangaroo has its 
place, but, strangely, one less prominent than 
that held by the emu, and some other birds, and 
by mammals less closely associated with aborig- 
inal life than the kangaroo has ever been. Con- 
sider how many of the blacks’ needs have been 
supplied by the kangaroo. ‘Tribes that effected 
“dress,’ made their one-piece garments mainly 
of kangaroo skins. Universally, the flesh was 
native food; while use was made of leg bones 
for various purposes: needles were fashioned 
from them, for instance, and tendons off the 
hind-legs and the tail utilized as “thread.” Some 
tribes wear kangaroo bone nose-ornaments. 
Necklaces were made out of the incisor teeth of 
kangaroos, attached to long strips of the ani- 
mal’s skin, dressed until pliant as a worn kid- 


glove. The tail-sinews were used to sew the 
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teeth to the leather. Its importance as a totem 
animal should be remembered, too. One would 
expect a big crop of kangaroo legends and 
myths. Of course, there are many, but fewer 
than might have been invented by the “tellers 
of legendary tales.” 

The origin of the very word, kangaroo, is un- 
certain. You will not find it in vocabularies of 
aboriginal dialects, though “koongaroo” and 
“kungara” are native words. Captain Cook ob- 
tained it from the Endeavor River tribe; or 
some word of very similar sound. “Kangaroo” 
was a word unknown to the blacks in the “type” 
locality of the first kangaroo seen by white men, 
when an explorer visited it fifty years after 
Captain Cook. The term in use was “menua.”’ 
The red kangaroo was known as “purra’”’ by the 
members of one tribe; and the grey kangaroo, 
A list of kangaroo words from the 
vocabularies would be long. It has been sug- 
gested that the tribal name of the first-comers 
to Australia began with the sound “koo,” and 
that, finding no human inhabitants, they “whim- 
sically called the kangaroo, which they saw 
standing erect like themselves, by their own 
tribal name”’! 


a9 


as ‘“‘kaiimer. 


How the kangaroo got its tail is the theme 
of one myth—of an extinct Victorian tribe. 
Mirram (the kangaroo) and Warreen (the wom- 
bat), once upon a time were men, and lived in 
the same place; the latter had a good camp; the 
former had none. After a great rainfall, War- 
reen was snug by the fire in his bark shelter, 
while Mirram shivered outside, his fire extin- 
guished. The wombat would not allow his 
friend even a corner of the camp. Well, Mirram 
lost patience, flattened Warreen’s head with a 
stone, and said “You shall live in dark-holes”— 
the wombat’s dwelling is a burrow. One day, 
Warreen threw his spear and it stuck fast in 
the lower end of Mirram’s backbone. “It will be 
a tail for you,’ said the wombat, and you shall 
have to use it when you run.” And that’s how 
the kangaroo got his tail. | 


He makes good use of it, too! But not in the 
manner believed by those who have never 
watched kangaroos closely, or are familiar with 
them only as captive animals. The broad-based, 
powerful organ is used as a third leg, a support 
when resting. When the kangaroo hops, with 
body inclining forward, its tail does not “beat” 
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Agile wallaby M. agilis in the Zoological Gardens, Melbourne, Australia. 
From a photograph by Charles Barrett. 


the ground, but acts as a balance: a tailless kan- 
garoo would topple over ‘on the hop,” instead 
of being nicely balanced on its hind legs. 


Kangaroos are splendid jumpers, but when 
traveling at a leisurely pace, cover only about 
four or five feet in a hop. The faster they go 
the longer the hop, with return to short ones if 
the ground offers obstacles. Records vary, but, 
at its best, a fullgrown kangaroo might cover 
eight or nine yards with one hop. Often I have 
watched kangaroos in the wilds, and wished that 
I could measure their “‘steps,’ as they fled 
across the plain or through the timber. There is 
no more wonderful picture of wild life at home, 
in Australia, than a mob of kangaroos hopping 
from what may be danger. I have never hunted 
them. That is not sport, though kangarooing 
on horseback, with dogs trained to the hunt, is 
still described as “sport” by many Australians. 
Pursuit in motor-cars also is favored by some 
shooting men. Well, I am no sportsman for I 
hunt only with fieldglass and camera. A living 
animal to me is worth a hundred dead ones of 
its kind, whether it be furred or feathered. 


Kangaroos and wallabies, generally speaking, 
thrive in captivity, if properly fed and given 


ample room to move about, in their own peculiar 
manner. It is cruel to keep them in small en- 
closures. Many I have seen, pets of the family, 
had the freedom of big yards, or even a pad- 
dock. Others were so content with a tame life, 
that they were allowed to go where they pleased. 
One old kangaroo, was a familiar figure in a 
little township or village. He visited the neigh- 
bors! Again, kangaroos may be kept in a wire- 
netted run, many yards in length and two or 
three hops wide. They do not appear to be 
unhappy in such quarters. 


On some of the sheep stations, kangaroos are 
allowed to live in reasonable numbers; a “drive”’ 


-being held occasionally to prevent over popula- 


tion. The animals are not necessarily killed, 
though the drive, in some cases, is, frankly, 
slaughter. Look at the pleasanter picture. 


This year, two kangaroo drives were held in 
Western Victoria, by authority of the Fisheries 
& Game Department. The animals were shep- 
herded into a high-fenced 
tured without being injured. They were sent to 
the Zoological Garden, which needs kangaroos 
for exchange with Zoos in America and other 
countries. The demand is pretty constant; and 


“corral,” and cap- 
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for our marsupials we receive bears and buf- 
faloes, deer, birds, and other creatures—at cur- 
rent exchange rates. 

During a drive, kangaroos may display their 
powers of leaping. They jump at the high 
fences, and sometimes get over. Hunted, a kan- 
garoo has taken a fence nine feet in height, 
without touching the rail. This is exceptional, 
possibly a record; for many kangaroos, unfor- 
tunately, break their legs in attempting pad- 
dock fences on the stations. Six feet is a good 
jump for a kangaroo, and often enough a fence 
of that height baffles them. ‘Those crippled in 
trying to jump wire-fences, die slowly of hun- 
ger, or are put out of their misery by the boun- 
dary rider, who has also to kill disabled emus. 
The fences claim many victims, and emus pre- 
dominate. 

Notable among the squatter friends of the 
kangaroo was the late Mr. H. L. White, of 
“Belltrees’’ Station, Scone, New South Wales. 
He was a rich and generous patron of natural 
history, and himself a fine naturalist, specializ- 
ing in birds. His collection of Australian birds’ 
eggs, the most valuable and complete in the 
world, was bequeathed to the National Museum, 
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Melbourne. Mr. White, in a fifteen acre pad- 
dock, kept about thirty kangaroos and a few 
wallabies. He began, many years ago, by hav- 
ing tame kangaroos about the homestead, allow- 
ing them full liberty. But visiting dogs killed 
so many, that an acre was enclosed with wire- 
netting, for a grey kangaroo and some wal- 
laroos. Finally, the big paddock adjoining the 
house-garden, was surrounded by a_ six-foot 
fence of netting and barbed wire. When Mr. 
White wrote the story of his pets (for the “Aus- 
tralian Zoologist’’) his stock consisted of fifteen 
wallaroos (Macropus robustus), ten grey kan- 
garoos (M. giganteus), and five red kangaroos 
(M. rufus). All of them bred freely; wallaroos 
more than the other kinds, so that it was dif- 
ficult to keep their numbers within reasonable 
limits. However, the population of the paddock 
was reduced by liberating some of the “cap- 
tives.” It was not easily done, for they declined 
to go through the open gate when driven, in- 
stead, in their excitement, dashing into the fence. 
They would “run or jump over both man and 
horse attempting to stop or to turn them.” 


The first grey kangaroo kept by Mr. White 


became famous. He was an immense animal, 


Bennett's wallaby M. bennettianus in the Zoological Gardens, Melbourne, Australia. 
From a photograph by Charles Barrett. 
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named “Ben,” and a wonderful fighter. He had 
a very bad temper, and was dangerous. “Upon 
several occasions,’ his owner wrote,” he broke 
the wire netting by kicking it when teased, and 
he half-killed a couple of men who ventured 
into his domain; he was eventually destroyed.” 
“Ben” liked a bath; and, before he became 
savage, would approach when the gardener was 
watering. When the hose was played upon him, 
as he stood against the wire-netting, “Ben” 
would “turn round slowly, lifting his arms 
meanwhile, so that every portion of his body 
got a thorough wetting.” 


Zoo Director’s Records:—No one has a wider 
knowledge of kangaroos in captivity than my 
friend, Mr. Andrew Wilkie, Director of Mel- 
bourne Zoological Gardens. He has completed 
over fifty years’ service at the Zoo, having 
started as a youth. For many years he was fore- 
man, succeeding to the directorship on the death 


of Mr. LeSouef. 


Necrosis, Mr. Wilkie states, is the chief cause 
of mortality among captive kangaroos, but there 
is no evidence that it is at all prevalent in their 
wild state. Soon after they are captured, the 
complaint may develop; or it may not do so 
until months later. Healthy animals shipped to 
Great Britain, died soon after arrival, from 
necrosis. 


Again, from no apparent cause, other than 
fretting for freedom, death may occur. Thus, 
more than a score of kangaroos captured in a 
drive, died within a few months. Post mortems 
revealed neither disease nor ill-nourishment— 
the victims had fed normally. But, many of the 
marsupials, happily, escape disease and do not 
suffer from longing for the wilds. They settle 
down in the paddock, and become quite friendly. 
These contented and healthy captives are gen- 
eral favorites. 


Some of the kangaroos have lived at Mel- 
bourne Zoological Gardens for fifteen years, and 
still are in good condition. They are familiar 
friends of mine. But I venture into their en- 
closures with caution. When the old males be- 
come “playful,” they are apt to be rather dan- 
gerous, unless one is watchful. A foolish visitor, 
who worried a kangaroo he had lured to the 
wire fence of its paddock, received a cuff from a 
paw which sent him spinning. He deserved the 
punishment. 
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“Boxing” is a natural habit, even a pastime 
of the kangaroo. The males often have stand- 
up fights, lasting for half an hour, or even 
longer. They cuff one another vigorously. Fights 
are fierce in the pairing season; at other times 
kangaroos are generally peaceful. 


Training boxing kangaroos is not so difficult, 
since, in their natural way of “fighting,” they 
nearly reproduce many movements of the human 
boxer. At Melbourne Zoo, once, a professional 
boxer did some sparring with a grey kangaroo, 
which won on points! 

An irate male kangaroo literally drove a man 
from the paddock. Two of the animals, on an- 
other occasion, got a man down and thumped 
him with their hind-legs. He was fortunate to 
escape with only a broken collar-bone and sev- 
eral fractured ribs. 


Mr. Wilkie has frequently measured the hops 
of kangaroos going at high speed, and finds 
the average distance covered to be about sixteen 
16, Isle Mas seen # “yas Clos Clegne ey mune 
foot fence, and a male scramble over one the 
same height. 

The biggest kangaroo (one of the “red” spe- 
cies) Mr. Wilkie has had in his care, measured 
seven feet when standing on “tip toe’—that 
characteristic attitude, especially when the ani- 
mals are fighting, or at bay after fleeing from 
dogs. 

Many kangaroo-dogs have been killed by the 
hunted marsupials, which may face the pack, 
with back to a big gum tree (Eucalyptus), or 
standing in the water. If it has the chance, a 
hard-pressed kangaroo will hop into a stream, 
a lake, or a lagoon, even a waterhole, and await 
its pursuers. It is formidable, even against odds, 
and often the dogs, without aid from human al- 
lies, would get the worst of the encounter. 

I have seen hunting dogs deeply scarred— 
kangaroo-claw wounds; and some ripped so ter- 
ribly that they died. I have known dogs to be 
saved only by the hunter rushing in to brain 
the kangaroo with a stock-whip or a stirrup, or 
to shoot at close range. It’s not sport; it’s 
butchery: a term applicable to kangaroo shoot- 
ing from motor cars, which is practised in some 
places. 

Hunting on horse-back is the old colonial 
method, still favored, though public opinion is 
gradually turning against this sport, also. It 
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is exciting and has the spice of danger, since at 
full gallop in rough country, the hunter may be 
thrown when his horse fails to clear a log or 
puts its hoof in a burrow or a hole. An “old 
man” kangaroo, having wonderful powers of 
endurance, may get clear away when hunted, 
outpacing both horses and dogs. Brought to bay, 
he will put up a brave fight. Two dogs might 
easily fail to bring him down. Three or more, 
as a rule, form the pack. Then tactics, quite 
One dog holds the 


kangaroo’s attention, attacking fiercely in front; 


unfair, may end the fight. 


giving its companions the opportunity to leap on 
the marsupial and kill or disable it. Often vic- 
tory is paid for, a dog being killed and others 
wounded. 

The kangaroo boxes with its fore-feet, and 
uses the hind ones when fighting for its life. 
Should the chance offer, it seizes a dog with its 
fore-paws, and dashes it violently to the ground; 


or, hugging the enemy, rips it open with a. 


powerful upward blow: the big conical claw on 
the central toe of the hind foot is a killing- 
weapon. When the blow is given, the animal’s 
body weight is supported wholly by the tail. 
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At bay in the water, a kangaroo, when it 
seizes a dog, always tries to drown it, and 
But it will not, despite the 
camp-fire stories one hears, carry a dog to water 


often succeeds. 


for this purpose. Rarely, a kangaroo may rush 
aman. I’ve never seen such an attack made, 
but there are records of kangaroos leaping at 


hunters. 


Snaring is one method of getting kangaroos, 
in vogue more in the past than at present. A 
thick snare of wire is attached to a post or a 
log, which is set in a “run” in the bushland or 
in a paddock fence. This often involves cruelty, 
for if the snares are not visited night and morn- 
ing a kangaroo may remain for many hours, 


struggling for freedom, and suffering horribly. 


Aboriginal modes of hunting the kangaroo 
are many. It may be run down by one man, 
who follows recent tracks until he sights his 
quarry. He advances openly and, when the 
animal goes hopping away, runs after it. Again 
and again this may happen, until the hunter 
wins the long race of endurance. Often the 
end does not come until the second day, the 
aboriginal sleeping on the track, which guides 


A view of the coastal country of Victoria. 


The habitat of the large wallabies. 
From a photograph by Charles Barrett. 
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The “Cave of Red Hands,’’ Mootwingee Gorge, New South Wales. 


him next morning to the kangaroo, perhaps 
many miles from the little camp-fire. 


Drives are carried out, the hunters advancing 
from several directions on a mob of marsupials. 
Another method is firing the bush, so that the 
flames will force the kangaroos towards the 
natives, who are ready with their weapons, to 
kill. Stalking, with the long-handled spear, is 
practiced by many of the tribes. 

Netting is a usual method, in some districts, 
of taking kangaroos. Three-sides of a square 
often are “walled” with nets, and many noisy, 
naked beaters drive in the kangaroos, which 
are speared or killed with waddies (clubs). 
Emus also are taken in this manner. 

While kangaroos nowadays are rarely seen 
near large towns, small parties appear in the 
vicinity of outback homesteads and farmhouses. 
They come into the crops. I have seen them 
often in the Mallee country of north-western 
Victoria; have come quietly along a lonely road 
between cultivation paddocks, to surprise the 
raiders. They stand and gaze for a few 
moments, heads and shoulders only showing 
above the wheat or other crop. Then off they 


These caves were 
frequented by the aborigines, where they cooked and ate the kangaroos that they 
had killed. From a photograph by Charles Barrett. 


go with long hops, clearing the fence at a 
bound, or scouring through the crowded plant 
stems. Sometimes they hop across the road 


in front of a car. 


During my motor journey along the Darling 
River, in New South Wales, last year, I counted 
nearly 500 kangaroos. Mostly the mobs were 
small, but occasionally a score or more of kan- 
garoos were sighted, feeding on a green patch 
among the gum trees. They were frightened 
of the car, bounding away as soon as they saw 
it. It was surprising the ease with which they 
travelled through the forest, avoiding trees and 
clearing the logs, at high speed. Halting in 
a patch of timber—old, grey-boled gum trees— 
they were camouflaged. Their coloration har- 
monizes with such an environment, though the 
kangaroos are noticeable enough at a long dis- 
tance, out on a grassy plain. 

When a mob is frightened from the feeding- 
ground, the does, which are fleeter than the 
males, and the young are away first. The old 
males bring up the rear. They are graceful 
when travelling at any pace, but I like best to 
watch them going at full speed. A “flying doe” 
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NEW 
would make a splendid cinema film, if only we 
could get more than a few feet of such a 
subject ! 

Once, a “boomer,” as the huge old males 
are termed, went bounding down the main street 
of a gold-mining township. ‘There were dozens 
of men about, but surprise held them still for 
a while. Then, some with shovels, others with 
pickaxes or sticks, they began the hue and cry. 
It was too late: the boomer was already beyond 
range of their weapons. 

Drought, which takes such heavy toll of our 
wild animals, drives kangaroos and emus, in 
some localities, close to settlement, in quest of 
green feed and water. But these animals are 
able to go for days without drinking and, in 
a prolonged rainless period, die of starvation 
rather than thirst. 

In poor condition they become an easy prey 
of the great wedge-tail eagle (Uroaetus audaz), 
or eaglehawk, as it is generally termed, and 
of the wild dog or dingo; natural enemies of 
large and small marsupials. Hunting in pairs 
or in packs, dingoes will out-run a kangaroo, 
which, once down, is quickly killed and eaten. 
The introduced fox, also, preys upon these mar- 
supials; but full-sized kangaroos are seldom 
victims of either foxes or the dingo. 


Eaglehawks most often take young kanga- 
roos, and will hunt, craftily, in pairs. But the 
rabbit (introduced into Australia from Eng- 
land, years ago, and now a great pest), has 
become their usual prey where it abounds. 


On some of our country’s postage stamps, a 
kangaroo is depicted, on an outline map of 
Australia. He spreads over the continent, in 
this popular design; and in nature, also, the 
kangaroo—collectively—occupies all Australia. 
We are considering them as a_ sub-family 
(Macropodinae), which contains all the kanga- 
roos and the wallabies, varying in size from 
animals little bigger than a bandicoot to the 
great red kangaroo, largest of living marsupials. 


All classes of country are occupied by these 
marsupials. Different species have become 
adapted, through the ages, to different environ- 
ments. So that kangaroos and wallabies are 
the most typical Australian animals; and the 
continent deserves its nickname of Kangaroo 
Land. As John Bull represents the English, 
so does a big kangaroo stand for Australia and, 
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with the emu, figures in the coat of arms of the 
Commonwealth. 

In that admirable work, “The Wild Animals 
of Australasia,’ A. S, LeSouef and Harry Bur- 
rell, give the best general account of the genus 
Macropus I have read; of the genus that in- 
cludes the typical kangaroos and wallabies, 
which are divided, roughly, into three groups: 
the larger kangaroos, the large wallabies, and 
the smaller wallabies. Concerning environment, 
the authors say: 

“Thus we have the grey kangaroo living in 
the open forest to which its brown-grey coat 
is well suited; the black-faced kangaroo inhabits 
the denser thickets, in the shade of which its 
brown fur is almost indistinguishable; on the 
plains of the interior, more often than not on 
red soil, the red kangaroo has its home; while 
the powerful wallaroo is perfectly at home on 
the rough hillsides. The wallabies keep close 
to cover, hiding during the day among the 
scrub and undergrowth and coming out in the 
evening to feed at the edge of the thickets.” 


It has been my fortune to travel widely in 
the wilder parts of Australia, and to visit some 
of the remotest unsettled areas. Thus, I have 
become familiar with all the various kinds of 
country inhabited by kangaroos and wallabies. 
I have followed the tracks which these animals 
make, through scrub and in timbered country, 
and in rocky regions; tracks leading often from 
one favorite feeding place to another. 


During the daytime, kangaroos, as a rule, 
prefer rest to activity. One finds them lying 
at ease in the shade of a tree; in a natural 
forest clearing; or—the wallaroos—in a rock- 
shelter or a cave, frequently a sheltered place 
in the sun. Many a sign of their presence have 
I noticed, when riding through their haunts, 
without sighting kangaroos. ‘They form shal- 
low holes in the ground, which serve both as 
dust-baths and “beds.” 


Feeding-time, usually, begins towards the 
evening; and at sunrise you may come upon 
mobs “going home.’”’ Often, when boiling the 
“billy” (the tin can in which we brew tea), 
at my camp in the evening, I have thought, 
“The kangaroos are going to their feeding- 
grounds now.” The old males are last when a 
mob is pursued, as already mentioned; but, 
moving out to dinner, they go first, according 
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Desert and “sown’’ in the Mallee. 
of young wheat near the edge of the uncleared country. 
of wheat are raided by the kangaroos coming from the thick scrub which adjoins 


the ‘‘sown.”’ 
forming an admirable cover for game. 


The figure of the man is standing in the midst 


In the evening these fields 


Mallee is a dwarf species of eucalyptus which grows in dense masses, 
It is called mallee-scrub. From a photograph 


by Charles Barrett. 


to careful observers of kangaroo ways in the 
wild. 

Of their intimate home life we know little, 
beyond what has been learned from the study 
of captive kangaroos. No one yet has written 
a full-length biography of any species of kan- 
garoo, though pages, even chapters, by various 
hands are plentiful enough. It is a book that 
we need; on the lines of Burrell’s platypus 
monograph. 


Naturalists are trying to save the marsupials, 
but Governments are slow to recognize the need 
for conservation. ‘Thus, in Victoria, this year, 
despite the advice of scientists and field natur- 
alists, and much public disapproval, an open 
season for opossums (phalangers) was declared. 
More than 500,000 pelts were taken. The re- 
sult is, opossums have disappeared from some 
districts, and become rare in others. The toll 
has been too heavy. Efforts now are being 
made to save the marsupials; to gain for them 
closer protection. At a recent “Marsupial 
Night,” organized by the Field Naturalist’ 


Club of 


strongly in favor of the movement. 


Professor F. Wood-Jones, F.R.S., the dis- 


tinguished anatomist and leading authority on 


Victoria, opinions expressed were 


the marsupials, in a letter read before the meet- 
ing, said: “That an effort is being made to 
awaken public conscience in the matter of 
preservation of the marsupials is, to my mind, 
an extremely good and necessary thing...... 
I do not think most people realize how very 
ignorant we still are concerning the more inti- 
mate life details of these animals for which we 
There are 
enormous gaps in our knowledge of life his- 


must consider ourselves as’ trustees. 


tories, physiology, anatomy and development of 
the marsupials . The marsupials must 
be preserved for humanitarian and_ aesthetic 
reasons—but they must also be preserved be- 
cause they are capable of yielding up so many 
biological secrets that may yet be solved to the 


possible benefit of humanity.” 


There is no longer a mystery about the birth 
of kangaroos, though many stubborn, if not: 
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Distribution of Kangaroos and Wallabies* 


Compiled by James A. Kershaw, Director, The National Museum, Melbourne 


Kangaroos : 


Macropus giganteus—Australia, except centre and extreme 
north. 

M. giganteus fuliginosus—Tasmania. 

M. isabellinus—North West Australia. 

M. rufus—New South Wales; Victoria; South Australia; 
Central Australia; West Australia. 

M. robustus—Queensland; New South Wales; South Aus- 

tralia; Northern Territory; North West Australia. 
. bernardus—Northern Territory. 


Wallabies 


Macropus ualabatus—New South Wales; Victoria. 

M. ruficollis—New South Wales; Victoria; Southeastern 
South Australia; Islands in Bass Strait. 

M. ruficollis bennetti—Tasmania; Islands, Bass Strait. 

M. greyi—South Australia. 

M. dorsalis—Queensland; New South Wales (interior). 

M. billardieri—Victoria; Tasmania; South Australia (South- 
east); Islands in Bass Strait. 

M. brachyurus—West Australia. 

M. parryi—Queensland; Northern New South Wales (coastal 
ranges). 

M. irma—West Australia (southern districts). 

M. agilis—Southern New Guinea. 

M. wilcoxi—South Queensland; New South Wales. 

M. thetidis—South Queensland; New South Wales. 

M. coxeni—North Queensland. 

M. stigmaticus—Northeastern Queensland. 

M. brunii—Aru Island. 

M. browni—Duke of York Island; East and Southeastern 
New Guinea; New Britain. 

M. eugenii—West Australia; Islands off coasts of West and 
South Australia. 

M. parma—Eastern New South Wales. 

Lagostrophus fasciatus—West Australia. 

Onychogale unguifera—North and North West Australia. 

O. frenata—Queensland to Victoria. 


* Doubtful species not included. 


A 


me 


O. lunata—Western South Australia; Central 


Australia. 


Rock Wallabies 


Petrogale xanthopus—South Australia (northern) and into 
Central Australia to New South Wales border. 

P. penicillata—Kast Coast—Queensland to Victoria. 

P. lateralis—West Australia; Central Australia. 

P. brachyotis—-North West Australia. 

P. concinna—North West Australia. 


Hare Wallabies 


Lagorchestes hirsutus—West Australia. ; 
L, leporoides—New South Wales; Victoria; South Australia. 
L. conspicillatus—North and Northwest coasts of Australia. 


Australia ; 


Tree Kangaroos 


Dendrolagus lumholtzi—Northern Queensland (Herbert River 
district). 

D. bennetti—Northern Queensland (Bloomfield River district). 

D. ursinus—Northwest New Guinea. 

D, dorianus—Southeastern New Guinea. 

D. inustus—Northwestern and eastern New Guinea. 

Dorcopsis muelleri—Northwestern New Guinea and adjoin- 
ing islands. 

D. luctuosa—East and Southeast New Guinea. 

D. macleayi—South coast, New Guinea. 


Rat Kangaroos 


Aepyprymnus rufescens—New South Wales; Victoria. 

Bettongia cuniculus—Tasmania; Victoria. 

B. gaimardi—New South Wales. 

B. penicillata—New South Wales; Victoria; South Australia; 
West Australia (southern districts). 

B. lesueuri—South Australia; West Australia (southern dis- 
tricts). 

Caloprymnus canpestris—South Australia (probably extinct). 

Potorous tridactylus—New South Wales; Victoria; South 
Australia; Tasmania. 

P. gilberti—West Australia (southern districts). 

P. platyops—West Australia (southern districts). 
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Giant Red Kangaroo. This species is the largest of the kangaroos. When standing erect it is over six 


feet in height. 


Photographed in the New York Zoological Park. 
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Parry’s Kangaroo is a small and slender 
and northern New South Wales. 
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species frequenting the hilly coastal districts of Queensland 
Photographed in the New York Zoological Park. 
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oodward’s Kangaroo is confined to northwest Australia. The color of the male is a bright red and 
that of the female, fawn, Photographed in the New York Zoological Park. 
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Bernard’s Kangaroo, 
distinguished by its 
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Macropus bernardus, is found in the Northern Territory of Australia. It is 


thick and very dark pelage. 


Photographed in the New York Zoological Park. 
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Black Swamp-Wallaby. One of the larger of the wallabies, with very dark, long 
young animal in the mother’s pouch has nearly outgrown its haven of safety. 
New York Zoological Park, 


and coarse fur. ‘The 
Photographed in the 
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The Nail-tailed Wallaby (top) derives its common name from the spur at the end of its tail. Among 
mammals, the lion is the only one similarly equipped. The Agile Wallaby (lower) is a slender species 
distinguished by the long, slim tail. Photographed in the New York Zoological Park. 
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Bennett’s Tree-kangaroo. This interesting kangaroo, termed wallaby by the late W. H. D. Le Soeuf, is an 

agile climber, feeding almost entirely in tree tops. The tail forms an effective balance. It is not pre- 

hensile nor is it used in the manner of its terrestrial relations. Photographed in the New York 
Zoological Park. 
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The Short-tailed Wallaby (top) 
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is the smallest of this group. Its body is about twenty inches when 


erect and the tail a trifle over one-half that length. The West Australia Rat-kangaroo, locally kangaroo 
rat, is a small animal about eighteen inches long, with tail one-half that length. Photographed in the 


New York Zoological Park. 
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stupid, bush “naturalists” and city folks quite 
untaught in biology, cling to the old belief. 
“The young are born in the pouch,” these wise- 
acres declare; some even assert that the embryo 
grows from its mother’s nipple! You cannot 
convince them that these are “vulgar errors.” 
I receive, occasionally, almost abusive letters 
on the subject, from men who sign themselves 
“Olel Jsnsmeami, “Suawon iceiael ewe, ib us 
rather amusing. 


Newly-born kangaroos are unlovely objects, 
but of the deepest interest. They are naked 
and barely an inch in length, tiny, but not quite 
helpless things. Born, of course, in the nor- 
mal manner among mammals, the infant kan- 
garoo climbs up to the pouch through its 
mother’s fur. So slowly does it move, however, 
that its first “journey” occupied perhaps half 
an hour. The mother often does not help her 
offspring; indeed, appears to ignore its exist- 
ence. Sometimes she may aid it with her lips. 
It may become lost for a while, in its wander- 
ing through a “forest” of fur, from the ground 
to its future nursery. Once safely inside the 
pouch, it fastens on the nipple, which pointed 
before and firm enough for the infant mouth 
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easily to seize, becomes enlarged while it also 
softens—a kind of bulb. The young one ap- 
pears to have grown from it, so close is the 
nipple’s alliance with the mouth! It can be 
removed only by main force, causing rupture, 
as a rule. | | 

Several months are required for the young 
kangaroo to develop its fur covering and grow 
into a miniature image of its parents. It is 
charming to see one, when between three and 
four months old, looking out on the world from 
the pouch. 

The young animal, for some time after it has 
learned to venture “abroad,” and nibble at the 
grass when hungry, keeps near its mother. 
Frightened, it hops at once to the parent, and 
seeks safety in her pouch. 


Giants of the Past:—None of the existing 
kangaroos approaches in size the giant extinct 
forms, whose fossil remains are found in many 
parts of Australia. During the Pleistocene 
period, Macropus titan flourished. It was allied 
to the gray kangaroo (M. giganteus), most 
familiar of all the living species, and the one 
usually seen in Zoological Gardens, both in Aus- 
tralia and overseas. A full-grown male grey 


Typical Mallee country in northwestern Victoria. 
of kangaroos and scrub wallabies. 


This type of country is the habitat 


From a photograph by Charles Barrett. 
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kangaroo will weigh about 200 lbs.; and from 
nose to base of the tail, measure over five feet; 
the tail itself being about four feet four inches in 
length. M. titan was of much larger size, a 
veritable monster of the past. 

Giant wallabies, also, flourished during the 
Pleistocene period. Some species had skulls 
twelve inches in length. The remains of several 
extinct genera have been discovered. Such fos- 
sils are plentiful in superficial deposits, as well 
as in caves, deep and shallow. 

At Puralka, in western Victoria, a “find” of 
fossils was made in a shallow limestone cavern. 
I went down to examine the site, and collect 
material. Remains of M. titan and other gigan- 
tic kangaroos were obtained. But more ex- 
citing was an artefact, a small stone implement, 
discovered by the pastoralist who first delved 
in the cave: -Dhis Puralka Flint, as it ‘is 
generally called, was associated with the fossil 
marsupial bones, and is one of the most ancient 
relics of the kind hitherto discovered in our 
country. Thousands of years ago, when the 
monster kangaroos roamed the western plains 
or lived in the open forest areas, they had 
“Stone Age’ men to hunt them. 
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We are on the trail of ancient man in Aus- 
tralia. Did he hasten the end of M. titan, M. 
atlas, and other huge marsupials, as the Dipro- 
todon, which had a skull three feet in length 
and was the size of a rhinoceros? 

Reports are occasionally received of ‘“‘boom- 
ers’ in wild places remote from settlement. 
Quite recently I heard of one “about 8 feet 
in height”! It was sighted at a distance; but 
the observer was sure that his estimate was 
It is certain that both grey 
and red kangaroos of exceptional size do exist; 
for growth, in the males, continues even in 
old age. The “boomers” are animals that for 
years have escaped all enemies and lived to 
become giants among the largest younger mem- 
bers of the herd or mob. The females are 
smaller than the males. This applies to the 
larger species of wallabies, as well as the kan- 
garoos. Sex difference in size is so marked, 
that one familiar with the animals, can easily 
pick out the males in a mob when some distance 
away. It is usually guess-work, however, where 
the lesser wallabies are concerned. 


near the mark! 


The great red kangaroo (M. rufus), now be- 
coming scarcer, in parts of its range, but for- 


Red-necked wallaby M. rufficollis in the Zoological Gardens, Melbourne, Australia. 
From a photograph by Charles Barrett. 
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Black-tailed wallaby M. ualabatus in the Zoological Gardens, Melbourne, Australia. 
From a photograph by Charles Barrett. 


merly very abundant, is the largest and one 
of the most beautiful species. Its realm is a 
wide one, on the open inland plains; it does not 
occur within several hundred miles of the sea, 
unless exceptionally. I have met with it in 
mobs of up to a dozen, though often only about 
half that number associate. Lying at their 
ease, in the shade of a tree, the reds form a 
charming group of “Australian natives.” The 
females especially are shapely and slender, and 
aesthetically colored, the white legs and under- 
surface contrasting finely with the blue-grey of 
the back and sides of the body. 


In Central Australia, motoring through 
country traversed afoot and on camels by the 
Horn Expedition long ago, I saw occasionally 
small mobs of the red kangaroo. It was a dry 
season, and much depends upon the rains on 
the Central plains. In a good season, kan- 
garoos are fairly numerous, where I met with 
only a few—north of the Macdonnell Range, 
out towards Central Mount Stuart, practically 
the centre of Australia. 


Three sub-species of M. rufus have been 
described; while the grey kangaroo in Tasmania 
has been regarded as a race of M. giganteus. 


Other sub-species of kangaroos and wallabies 
have been recognized by systematists; but the 
field naturalist may not agree with such 
“splitting.” 

The grey species, more often termed “for- 
ester,’ because of its preference for the open 
forest lands, unlike the red kangaroo, is chiefly 
a coastal form. It is, however, to be found a 
long way from the sea—two or three hundred 
miles. The most of its territory, years ago, was 
claimed for sheep-runs and farmers, but it still 
lives in fair numbers in certain parts of its 
range—the eastern and southern portions of 
Australia. Gregarious, at least when feeding, 
it forms both small and large mobs. I have 
seen nearly 50 together; also five or six; and 
have observed, now and then, a lonely grey 
kangaroo—always a male. 


Smaller, darker, and of slighter build than 
M. giganteus, is the black-faced kangaroo (M. 
melanops). It frequents scrubland and bush, 
and is common in the Mallee country—that 
remarkable dry region, with its covering of 
dwarf Eucalyptus trees, its pine-ridges and 
sand drifts, and wonderful fauna and flora. It 
is in the Mallee that the mound-nest building 
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Nullarbor Plain. A blow hole on the Nullarbor. These holes are a notable feature 

of the treeless plain and present a problem to geologists. Some are shallow and 

blocked; others deep, leading to mysterious caverns, with galleries opening from 

them. They are the doorways to a vast, unexplored underworld. Kangaroos fre- 

quent these great treeless and scarcely explored areas. From a photograph by 
Charles Barrett. 


The Dingo Donga Cave on the Nullarbor Plain, known to only a few people, is the 

haunt of small bats. It has been their refuge for thousands of years, judging by 

the pyramids of guano on the floor of the main chamber, which is over 100 feet 

high. The cave opens off a’ great and deep circular ‘“‘donga’’ with rugged walls 

which are unscalable except at one spot where boulders are piled in a natural 

stairway. Kangaroos often frequent these ‘‘dongas’? in search of water which 
collects in rock-holes. From a photograph by Charles Barrett. 
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Crown Point, a famous landmark in the heart of Central Australia. 


live on the plains of this vast inland region. 


birds, Leipoa ocellata, have their ever-narrow- 
ing territory. The wilderness of little gums, 
of “spinifex” (Troidia) and sand, is rapidly 
being converted into wheat-fields. 

Kangaroo Island, off the coast of South Aus- 
tralia, has its own special kangaroo (M. fuligi- 
nosus). Flinders, the famous navigator, and 
the French explorers, found the island so well 
stocked with the marsupials, over a century ago, 
that it deserved the name bestowed upon it by 
the English captain. It still has a population 
of kangaroos; they live in dense scrub, and are 
numerous in many places. There is a big na- 
tional reserve for wild life on Kangaroo Island. 


Arnhem Land, in the far north of Australia, 
where a great area has been reserved for the 
aborigines, is the realm of the antilopine kan- 
garoo (M. antilopinus), a short-furred, stoutly 
built and heavy species. They are not numer- 
ous, and, being very shy, are difficult to observe. 
We know little of their ways in the wild. 


The wallaroo or euro (M. robustus), is a 
mountain species; it keeps to the rocky hills 
and is rarely, if ever, seen on the plains. But 
it inhabits both coastal and inland areas, is 
wide-ranging, and variable in coloration. There 
is a rufous form, a very dark, almost black 
form, and a light-hued, sandy variety. Eight 
or nine sub-species have been described, but 


Red kangaroos 
From a photograph by Charles Barrett. 


some are very doubtfully entitled to such rank. 
The systematist has been too generous. 


Wallaroos are sturdy mountaineers, being 
thickset animals adapted to their mode of liy- 
dihtey vare 
more formidable than the grey kangaroo, as 
many dogs have found to their cost. ‘The 
wallaroos,’ write LeSouef and Burrell, “are 
determined fighters; they use their teeth more 
than other kangaroos, and one has to be care- 
ful in approaching old males; when hunted 
they make for the rocks.” 


ing, often in steep and rugged hills. 


When searching for aboriginal rock paint- 
ings and carvings in a wild and lonely range 
of hills, recently, I saw wallaroos “at home.” 
Early one morning an old male appeared on 
the ridge above my camp, beside a water-hole 
in the rock. It gazed down for a minute, then 
hopped leisurely away, silhouetted against the 
brightening sky. 

In the old days, when the blacks camped at 
Mottwingee rock-holes, a kangaroo venturing 
within range would surely have been speared. 
The flesh of these marsupials is not to the 
taste of most white men, without the sauce of 
hunger. But it has been praised for its flavor! 
Thus when John Gould, the pioneer of Aus- 
tralian ornithology, and his party were making 
a forced march, their provisions being ex- 
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hausted, a red kangaroo was killed, and its flesh 
lasted the wanderers for four days. It was 
excellent food, is Gould’s testimony. The ani- 
mals weighed over 200 lbs. Kangaroo-tail soup 
is not to be despised, though perhaps one must 
learn to like it. 

The Wallabies: — Wallabies are merely 
smaller kangaroos and are not markedly dis- 
tinguished from their big near-relations, de- 
spite minor external and structural differences. 
There are numerous species, and to deal with 
them all would be wearisome. They are not, 
as a rule, gregarious, although often one finds 
many of a species congregated. On an island 
in Bass Strait, in a small patch of scrub, re- 
maining very still, I was surrounded by walla- 
bies. When I moved, suddenly, dozens of the 
animals 
bushes. 


or singly. 


went pounding away through the 
It is usual to see wallabies in pairs, 

They avoid being out in the open, 
because of the danger from their enemies. The 
dingo and the fox prey upon wallabies; so does 


our great eagle, the second largest eagle in the 
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world, powerful enough to bear aloft a small 
wallaby in its talons. 

Wallabies frequent the Mallee scrub, lightly 
and heavily timbered country, scrubby hills, 
and the sub-tropical and tropical “brushes” 
where palms grow tall and orchids tuft the 
branches and trunks of splendid “rain-forest” 
trees. You may follow wallaby tracks through 
scrub and jungle. In the glades, towards eve- 
ning, it is pleasant to see wallabies feeding, 
or standing at gaze in their own charming man- 


ner. Delightful creatures, even at the Zoo; in 
their natural haunts, they are still more 
engaging. 


In wide-ranging species, there is considerable 
color variation. The black-tailed wallaby (M. 
ualabatus) is lighter colored in its northern 
habitat than in the south—it ranges from my own 
state, Victoria, to northern parts of Queensland. 
It exists in large numbers in the south, where it 
is regarded as fair game by the sportsman and is 
hunted for the sake of its pelt. Big bundles of 
skins are commonly seen in the skin stores, and 
the export trade is extensive. 


Victoria’s Mallee Park. An area of over 30,000 acres has been set aside as a sanc- 


tuary for gray kangaroos 


and other native 


animals. From a photograph by 


Charles Barrett. 
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In the Federal Territory. A view near Canberra, the capital of the Commonwealth. 
Kangaroos inhabit the distant lowlands and wallabies live in the far distant ranges. 
From a photograph by Charles Barrett. 


The entrance to a shallow limestone cave in western Victoria. Many fossils of 
giant extinct kangaroos were found in this cavern. From a photograph by 
Charles Barrett. 
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In size and shape the members of this group, 
the large wallabies, are much alike. With hind 
feet relatively large, they are more powerful 
_ jumpers than the smaller wallabies. Compared 
with kangaroos, they are brightly colored 
animals. 

Brush wallaby is the popular name for the 
red-necked species (M. ruficollis) which, 
especially for this article, I photographed, in a 
paddock at the Melbourne Zoo, while its near 
ally, Bennett's wallaby (M.r. bennettw) came 
hopping up, inquisitively. The latter belongs 


to Tasmania, 


For grace and beauty, Parry’s wallaby (M. 
parryi), of northern New South Wales and 
Queensland, ranks first perhaps, in the “large” 
group. It sometimes is called “pretty face,” 
because of white and grey markings on the face. 
Its tail is exceptionally long, and it has a slen- 
der body. A dweller on the highlands, it is to 
be looked for in fairly open country. You may 
gain long distance views of Parry’s wallaby, 
but to approach it closely is not easy. It has 
a remarkable turn of speed, and is away in a 
moment when startled. 


Another species with conspicuous markings, 
but on the thighs, not the face, is the black- 
striped wallaby (M. dorsalis), of the interior of 
New South Wales and Queensland. The black- 
gloved wallaby (M. irma), of south-western 
Australia, is dark bluish-grey above, with yel- 
lowish grey underparts. Its fingers and toes 
are black “gloved,” and the tail is crested with 
stiff hairs, black, like the paws. This is an 
abundant form, found chiefly in the open forest 
lands. 

The beautiful, short-eared agile wallaby (M. 
agilis), belongs to the tropical north, occurring 
also on certain of the islands and in Papua. I 
have seen it only once, at large, and was 
charmed by its delicate coloring—light fawn— 
and graceful appearance. It frequents country 
where the grass grows tall, and is conspicuous, 
with its uniform light coloration. This is the 
only member of the large wallabies group in- 
habiting Papua. 

About a dozen species comprise the small 
wallabies group. They are much persecuted 
by the trappers, their fur being beautifully soft 
and of fine texture. They range far into the 


tropics, one species occurring on the Aru 


-wallaby a “pademelon.” 
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Islands; another in New Guinea and the New 
Britain group. They are mostly shy in dispo- 
sition, being dwellers in dense scrub, or some 
class of “cover” where they are much more 
often heard than seen. Some kinds, towards 
sundown, or later, appear on the edge of the 
jungle or the forest. It is feeding time for 
wallabies when the shadows are long. 


The Cape York wallaby (M. coweni) is short- 
furred and sandy-colored or grizzled, with white 
under-surface. It is similar in coloration to 
the agile wallaby, also a northern form, and 
it has been suggested that this similarity may be 
the result of adaptation to environment. Other 
members of the “small” group are the banded 
wallaby (M. stigmaticus), the red-legged wal- 
laby (M. wilcowi), the Aru Island wallaby (M. 
brunit), the sombre wallaby (M. brownz), the 
Parma wallaby (M. parma), and the rufous- 
bellied wallaby (M. billardiert), the last named 


_ being the common species of Victoria and Tas- 


mania: it is abundant. 


The non-naturalist generally terms any small 
The name belongs 
rightly to M. thetidis, of south-eastern Aus- 
tralia. It is numerous in scrub-covered country. 
Many a pademelon have I startled on my bush 
rambles; and sometimes myself have been sur- 
prised by one, suddenly thumping off through 
the scrub, its presence the minute before un- 
suspected. 

Rock Wallabies :—There are twelve species of 
rock-wallabies, forming the genus Petrogale. 
They are wonderfully agile, and live in rocky 
ranges, throughout the continent, but are absent 
from Tasmania. Some are cave-dwellers, and 
among the most interesting of marsupials. 
They form paths among the rocks, trails which 
they follow at high speed, though to the human 
eye not clearly defined, at least in places. Their 
toes are adapted for rock-climbing, being rough 


_ with small tubercles, which give a grip even on 


surfaces worn smooth by the feet of many gen- 
erations of rock-wallabies. 


Their foe is the fox, in parts of their range; 
in many localities, toll is taken of rock-walla- 
bies by the Australian python (Morelia variegata 
Gray), known as the carpet-snake. This reptile 
is plentiful in Petrogale haunts, lurking in the 
caves. It attains a length of fourteen feet, but 
the average specimen is much shorter. 
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Central Mount Stuart. 


The rock-wallaby is noted for its agility and 
boldness, and accuracy in jumping. It climbs 
leaning tree-trunks, and leaps from rock to 
rock as nimbly as a chamois of the Alps. 
Among the species are the brush-tailed rock- 
wallaby (P. penicillata), the yellow-footed 
rock-wallaby (P. «anthopus), and the short- 
eared rock-wallaby (P. brachyotis), which in- 
habits the north-western coast of the continent. 

Nail-tailed Wallabies:—The genus Onycho- 
gale contains the three species of nail-tailed 
wallabies, characterized by the small horny spur 
at the tip of the tail, and also the form of 
their incisor teeth. What the use of the -nail- 
like appendage is, we can only conjecture. The 
best-known species is the bridled nail-tailed 
wallaby (O. frenata), of eastern Australia, 
where it frequents ranges of low hills and long- 
grass country. It is seldom met with nowadays, 
owing to the advance of settlement and ravages 
of that introduced “curse,” as we often term, 
justly, the European fox. 

Other Wallabies:—The banded _ wallaby 
(Lagostrophus fasciatus) is an inhabitant of 
Western Australia, dry areas on the mainland, 
and some of the islands. 

The little hare-wallabies deserve their de- 
scriptive name, for their speed, when pursued, 


This peak is practically the center of Australia. 

plains about this region is the habitat of the great red kangaroo M. rufus. 

met with in small ‘‘mobs” and is the characteristic kangaroo of the central country. 
From a photograph by Charles Barrett. 
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is amazing; while they also possess remarkable 
powers of leaping. Both in size and form, these 
very active marsupials recall the common hare 
of Europe. The common hare-wallaby (L. lep- 
oriodes) inhabits the interior of New South 
Wales and South Australia. 

The Dorcopsis wallabies are small and dull- 
colored animals, confined to New Guinea. There 
are eight or nine species. 

T'ree-Kangaroos:—Romance might have a 
chapter in any book dealing with the tree-kan- 
garoos. ‘hey need a volume to themselves, if 
only a small one could be written. The dis- 
covery of each species, the quests for specimens 
for Zoological gardens, descriptions of tree-kan- 
garoo country—would form subjects for de- 
scriptive writing by a literary naturalist. 

I have been in the haunts of the two Aus- 
tralian species of Dendrolagus, and have what 
probably are unique photographs of a New 
Guinea form. Ambition may take me again on 
the trail of Dendrolagus, in our tropical wilds. 

No fewer than fourteen species of Dendrola- 
gus have been described, all but two being found 
in New Guinea. Some are very attractive, and 
make delightful pets; others are coarse-furred 
and have, in captivity, sleepy-looking faces. 
All are dwellers on the mountains, or at least 
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in high places; their haunts are remote from 
settlement, and in the wildest class of country. 
They choose the most inaccessible places, 
usually near the mountain summit. 


Tree-kangaroos are not wholly arboreal in 
their habits; on the contrary, they spend much 
time on the ground, climbing trees when in 
danger from dogs or other enemies, and for 
the purpose of feeding. ‘These notes refer to 
the Australia species, of which we have the 
most knowledge—it is scanty enough! But 
doubtless, the habits of the New Guinea tree- 
kangaroo are much the same as those of their 
Australian allies. 


All the species are well adapted to the 
arboreal mode of life. Their foot-pads are much 
roughened; their claws are thick and strong 
and sharpened; those of the two outer toes are 
as much curved on the hind- as in the fore- 
foot. The tail, which serves well as a balancer 
among the boughs, is very long, with hair thick 
and even. The fore-limbs are nearly as long 
as the hinder ones and remarkably stout and 
strong. 
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These members of an essentially terrestrial 
sub-family, apparently have acquired larger and 
more powerful fore-limbs than any other kan- 
garoos, as a result of arboreal habits. Or it 
may be, as Lydekker mentions, a primitive fea- 
ture. That great naturalist, however, was in- 


clined to favor the former view. 


Tree-kangaroos are at ease among high and 
fairly slender boughs, but often climb low trees. 
They leap to the ground, often from a great 
height, alighting on their feet, as safely as a 
cat does after jumping, and running rapidly 
away. Leaps from about twenty feet up are not 
unusual, while one may be made even from a 
height of sixty feet! 


The Lumholtz tree-kangaroo (D. lumholtzi), 
whose realm is among the ranges of north-east- 
ern Queensland, with its black face and chin, 
black toes, fine grizzled-grey general color, 
white chest and pale yellowish-white under-sur- 
face, is one of the most beautiful Australian 
animals—a pleasure to the eyes of any natural- 
ist. Its discoverer, the late Carl Lumbholtz, 
was overjoyed when his long search for the 


A view in the mountainous country in northeastern New South Wales. 
melon M. thetidis and other species of the small wallabies are found in this type of 


country. 


The pade- 


From a photograph by Charles Barrett. 
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“boongarry” of the aborigines was at last re- 
warded. He didn’t forget to be generous to his 
cannibal guides and friends. One native re- 
ceived a shirt, another a handkerchief, while all 
received an extra allowance of food and 
tobacco. 

That was long years ago. When I visited the 
“boongarry” country, in 1928, there were few 
aborigines there, and none was a cannibal! 
Cannibalism now is as a tale that is told, among 
the blacks of the Herbert River district. Much 
of the country has been cleared and cultivated. 
But farther afield I was in a wild and little- 
known region. My headquarters were on the 
Purr 
down stream aboard a launch or a lugger, you 
may see ten or a dozen crocodiles. They bask 
on the mud-banks and lurk among the man- 
groves. Blue peaks in the distance lured me— 
the range where tree-kangaroos live. 


It was my fortune to see only one specimen, 


Daintree River, where, in a morning’s 
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captured near a mountain top, by bushmen. 
Money could not buy it. Dendrolagus was hard 
to get, and worth keeping, I was told. 

Bennett’s tree-kangaroo (D. bennettianus) 
was described from the Bloomfield River dis- 
trict, north-eastern Queensland. It was _ ob- 
served in its haunts by my late friend, Mr. D. 
LeSouef, who obtained 16 specimens for the 
Melbourne Zoological Gardens, of which he 
was for so many years the Director. I saw 
the animals often, climbing or perched on 
boughs of the tree in their enclosure. They lived 
happily enough for a time; but, one by one, 
died, until Dendrolagus was unrepresented at 
the Zoo. Tree-kangaroos rarely survive cap- 
ture for any length of time. The New Guinea 
species, shown in my photograph, lived for less 
than a year after reaching Melbourne. 


Ancient and modern hunters. Upper: Old time aborig- 

ine, in full dress, casting a spear with a throwing stick. 

The blacks are clever spearsmen. Lower: A modern 

hunter in civilized dress who uses a gun. This aborigine 

was once the author’s guide in the wilds of Queensland. 
From photographs by Charles Barrett. 
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A jungle path in the forest of North Queensland. In this forest region is the haunt 
of the Lumholtz tree-kangaroo. From a photograph by Charles Barrett. 


Rare 


$. 


Sees rese 
Ca ee ea er are 
CVPR DE IDLO YL TIRES & PO ROWIED “yD vo 
NEO EMD L0H DOD IL ELIE DM on BIOS IS ES ORR a 
LEST I RAT PY IE 


abs 


fda 


LAV ESS RHE WK ANA: 
BRAGA ERS 


NOIOKD Wylie 
fetta 


rs 


Ose oeyagereven 
Sex PSK Rrerexere 


2 


foxes 


‘ 


$ 


43 


8 
.y 


ce 
ak 


we 


AY 


as 
‘ 


y 


\ 


‘3 


\ 


New Vork Zoological Society 


President 
MADISON GRANT 


Gouorary President 
Henry FAIRFIELD OsBpoRN 
Creasurer 
Corngrtius R. AGNEW 


Secund Vice-President 
Kermit ROOSEVELT 


Hirst Wice-President 
FRANK K. STURGIS 


Asst. Creasurer 
City BANK FARMERS TRUST COMPANY 


Secretary 
WILLIAM WuHitEe NILES 


€Executibe Committee 


WILLIAM WHITE NILES 
FRANK K. STuRGIS 
W. REDMOND CRoOss 


Henry FaArrRFIELD OSBORN 
*GEORGE F. BAKER 
RoBERT S. BREWSTER 
EDWARD S. HARKNESS 


MADISON GRANT 
WILLIAM WHITE NILES 
FRANK K. STURGIS 
Lewis R. Morris 


GEORGE BIRD GRINNELL 
Mortimer L. ScHIFF 
FREDERIC C. WALCOTT 


MapIson GRANT, Chairman 


HENRY FAIRFIELD OSBORN, JR. 


BAYARD DOMINICK 
De ForEStT GRANT 


@Woard of Trustees 
Class of 1932 
EDWIN THORNE 
IrvinG K. TaybLor 
Harry Payne BINGHAM 
LANDON K. THORNE 


Class of 1933 
ARCHER M. HUNTINGTON 
GEORGE D. Pratt 
CORNELIUS R. AGNEW 
HarRisON WILLIAMS 
Class of 1934 
W. REDMOND Cross 


HreNRY FAIRFIELD OSBORN, JR. 


GEORGE GORDON BATTLE 


GEORGE C. CLARK 
Kermit RooSEVELT 
CorRNELIUS R. AGNEW, ex-officio 


J. WATSON WEBB 
OuivER D. Fittey 
Dr ForEsT GRANT 
H. pE B. Parsons 


*T. CoteEMAN DuPont 
MARSHALL FIELD 
Ocpen L. MILs 
VINCENT ASTOR 


Anson W. Harp 
RoBERT GORDON McKay 
KERMIT ROOSEVELT 


GEORGE C. CLARK BAYARD DOMINICK GRAFTON H. PyYNE 


K.c-officio, THE City or New York: 
The Mayor, Hon. JAMES J. WALKER 
President, Department of Parks, Hon. Waiter R. HERRICK 


General @Cfficers 


W. Rerp Buatr, Director, Zoological Park 
WituiAm T. Hornapay, Directcr Emeritus 
CHARLES H. TowNseEnD, Director, New York Aquarium 
R. L. Cerero, Bursar 
H. W. Merxen, Consulting Landscape Architect 


H. C. Raven, Prosector 
H. pe B. Parsons, Consulting Engineer 


Zuulogical Park 
W. Rep Buair, Director and General Curator 
CHARLES J. RENNER, Civil Engr and Const'r 
WiutuiAM MITCHELL, Cashier 


H. R. MircHeyi, Manager 

R. L. Drrmars, Curator, Mammals and Reptiles 

LEE 8S. CRANDALL, Curator, Birds CHARLES V. NosBack, Veterinarian 

WiiuiaAmM BEEBE, Honorary Curator, Birds Eiwin R. SAnsorn, Editor and Photographer 
CLAUDE W. LEIsTER, Ass’t to the Director and Curator, Educational Activities 


Aquarium 
CHARLES H. Townsend, Director 
CHARLES M. Breper, Jr., Research Associate Marvin C. FENSTEMAKER, Secretary 
WittiaAm C. Bennet, Chief Engineer 


Department of Cropical Research 

WILLIAM BrEBE, Director 
GuoriA Houurster, Technical Associate 
JOCELYN Crank, Laboratory Assistant 


JOHN TkEE-VAN, General Assistant 
WinuiAM Kk. Grecory, Scientific Associate 


Vol. XXXIV, No. 2. March-April, 1931 


(ontents 


AN} 
IGA ASA ee, Nee AE sand east on SO re Photograph by Charles Barrett Frontispiece 
SG) Tae ASU; Ses FRAG TENTS AGN AWA CER GS LIAI2s1A0 19 Sn aoa Raymond L. Ditmars 51 
OIA TA NCAT EVRY CIS ROA tere le certs ola sueral ices oneal ares hn ae ay Pm Charles Barrett 61 
KOOKABURR AL 6 Chics ate iit: 0 ORO ane 0 vn tad OMe LN ee ee ee Lee S. Crandall 71 


Illustrations 


Black Swamp-Wallaby Koala and Young 
Bandicoot Eucalyptus Forest 
Thylacine Albino Koala 
Wombat Koala Climbing 
Opossum Mouse Kookaburra 
Tasmanian Devil Packing Up 
Vulpine Phalanger Naturalist’s Camp 
Flying Phalanger Settler and Pet Koalas 
Koala: Zoological Park Dingo 

AE IK OWT As octet eee ee meets BA Sods fy Sect) tee tar, SEU etna On ORI glee etcetera eG Le Cover 

~ 


BULLETIN 
New York ZooLoGicaL SOCIETY 


Copyright 1931 by the New York Zoological Society. All rights reserved. Title registered in the United 
States Patent Office. Issued bi-monthly at the Offices of the Society, 101 Park Avenue, New York City. 
Subscription $1.50 a year, 30 cents, single copy. Same rates for all Foreign Countries and Canada. 


Editorial Stat 
W. Rei Brair, Director, Zoological Park Cuartes H. Townsenpn, Director, Aquarium 
Lee S. Cranpnati, Curator, Birds Raymonp L. Dirmars, Curator, Mammals, Reptiles 


Wituiam Besse, Director, Tropical Research 


Members of the Zoological Society are entitled to all Publications, Reports, Bulletins, Zoologica, ete. (Zoo- 
logica mailed by request only) and no effort will be spared to ensure their delivery. Changes of address, 
forwarding points and non-delivery of mail should be stated promptly. Contributions pertinent to the 
objects of the Bulletin cordially welcome. Stamped and return envelope should accompany communications. 


Editorial and Subscription. Offices, Zoological Park, New York City, Elwin R. Sanborn, Editor. 


Its hind feet are admirably adapted for climbing, but possibly because it 
It is not for lack of practice, since it spends the greater 


portion of its life at lofty heights in gum trees, the leaves of which being almost exclusively the sole diet. 


The koala is a poor climber. 
lacks a tail, its progress is painfully slow. 


Except for an occasional meal of roots, it is gum leaves or nothing else. No other food will answer, 
and even with an abundance of the latter, the koala is not easily kept alive in captivity in its own 
land. Photograph by Charles Barrett. 
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Some Australian Marsupials 


Raymonp L. Dirmars 
Curator of Mammals and Reptiles, Zoological Park 


A brief introduction to the various marsupial forms that have been exhibited in the Zoological Park, 

together with a short account of the Koala, the “Native Bear” of Australia, by Charles M. Barrett. 

Illustrations for the Koala were made by Mr. Barrett as indicated under the cuts, and the other 
illustrations were made from the collections in the Zoological Park. 


USTRALIA fauna 
markedly different from all other con- 
tinental areas, from several points of view. The 
most striking feature is the absence of species 
of the various orders so abundantly represented 
on other tropical and temperate land areas in 
various parts of the world. There is but one 
native carnivore (the dingo), and there are no 
native hoofed animals. 


has a mammalian 


There are less than two 
dozen species of rodents, these of rather mon- 
otonous development. Representatives of the 
Insectivora are lacking. ‘The second remarkable 
condition rendering the island-continent unique, 
is the abundance and variety of form and size 
of the Marsupialia, or pouched animals, which 
in other parts of the world are but scantly rep- 
resented. What is true of Australia is largely 
true of New Guinea, and to the south, ‘Tasmania 
and even New Zealand, between all of which 
there appears to have been land connections in 
remote times. 

Another point worthy of note is the sole 
occurrence of an order of egg-laying mammals, 
remnants of the most ancient and primitive of 
the mammals of the World. It is indicated that 
these forms have not only survived but that they 
originated in Australia. 

The point of most striking interest among 
the mammals of this area is the development of 
the marsupials, large and small, into specialized 
forms to “match” species of unrelated orders. 


This remarkable parallelism is carried to such an 
extent that, despite the absence of other orders 
of mammals, the Australian marsupials present 
a versatility of form to amply take their place. 
Thus the kangaroos and wallabies take the 
place of deer and antelopes on the plains; the 


_phalangers are like squirrels in the forests; 


some even having developed scaling planes like 
the flying squirrels. The wombat is like a big 
woodchuck, even to the broadening of incisor 
teeth for cutting; there are marsupial “rats and 
mice,’ a pouched wolf, marsupial “cats” and 
weasels, the masquerade having radiated to the 
extent of varied forms to include those like 
moles and anteaters to parallel insectivores and 
edentates. 

With a fauna like this from which to draw 
for zoological exhibition, scientific institutions 
specializing in living specimens have naturally 
long been keen in procuring specimens from Aus- 


_tralia. Such has been the case with the Zoological 


Park, and we have been particularly fortunate in 
maintaining representative series of mammals 
from Australia and adjacent land areas. ‘The 
most familiar of these mammalian forms, of 
course, are the kangaroos, which are found no- 
where else in the world. 

The elaboration of species of kangaroos is 
not generally known. Including the kangaroos 
and wallabies—the larger and smaller kinds— 
approximately three dozen species of these 
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A black swamp-wallaby carrying her young in the marsupium, where, from the time of its birth, it 
spends at least six months before it begins to forage on its own account. But one is produced at 
birth. <A tiny bit of life less than an inch in length and so thoroughly undeveloped that it might 
puzzle a scientific scholar to give it classification. The immature young is placed in the marsupial 
pouch by the mother and the feeding from that time is purely mechanical and at the will of the parent. 
Various theories have been advanced concerning this function, but the one mentioned seems most 
plausible, considering the very helpless state of the young one at birth. There are some three score 
members of this family, all found in Australia and the closely adjacent land areas. 


March-April, 1931 


Vol. xxxiv, No. 2 


unique animals occur in Australia. These are 
divided into eight distinct genera. The species 
vary in size from a body length of about twelve 
inches—creatures which hop along like a rabbit, 
and of similar habits to that type—to the Giant 
Red Kangaroo inhabiting the plains of the Mur- 
ray Basin, which lives in herds, is in excess of 
five feet in combined length of head and body, 
and when reared upon its powerful jumping 
legs can stand higher than the average human. 
Specimens of the Giant Red Kangaroo, the 
Great Gray Kangaroo and the equally powerful 
Euro Kangaroo or Wallaroo, have been on ex- 
hibition in the Zoological Park for a long time. 
These creatures consume the same food and 
require similar care to hoofed animals. Our 
collection of kangaroos was started in a series 
of stalls in the Small-Deer House, but the title 
of that building has become a misnomer. ‘The 
collection has so increased by purchase and 
breeding that the structure is now given over to 
the exhibition of kangaroos and wild swine. 
The carnivorous marsupials are of great in- 
terest. Largest among them is the so-called 
Tasmanian Wolf, Thylacinus cynocephalus, ap- 
proaching in dimensions and form a true wolf, 
and certainly resembling the latter in habits. 
It hides in caves during the day, hunts at night, 
has keen scent, and preys upon the wallabies 
and smaller mammals, also committing depreda- 
tions among the sheep belonging to settlers. The 
body is gray, with a series of blackish cross- 
stripes on the posterior two-thirds. 
is confined to Tasmania. 
Strangely enough, Tasmania has another 
characteristic marsupial, the Tasmanian Devil, 


The species 


Sarcophilus ursinus, now becoming rare in all 
but the wildest country. This animal is of 
approximately the size and form of a small and 
stocky bull terrier. Its head, however, while 
proportionately very broad posteriorly, extends 
forward in rather pointed fashion in the ex- 
cessive development of deep and very powerful 
jaws. By comparison with the animal’s size, 
the crushing force of these jaws is quite aston- 
ishing. The animal can split large bones to 
obtain their marrow contents. It is a savage 
fighter, more than a match for any but a large 
dog, and in the past has proven very destructive 
to poultry and sheep. 
captive. 

The Dasyures or Australian “Native Cats” 


It remains savage as a 
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(Dasyurus) are in form a parallel composite 
of feline and civet. There is a fair series of 
species, most of them prettily marked with 
white or yellow spots on a dark gray or blackish 
ground. The average length is around eighteen 
inches for head and body, and twelve inches for 
the tail. They commonly occur in easterly Aus- 
tralia and Tasmania. These animals are strictly 
carnivorous and frequently raid poultry yards. 
They are expert climbers and live in the trees 
as well as on the ground. 

In building up a representative collection of 
Australian marsupials, the forms paralleling ro- 
dents should be well represented to indicate 
versatility of form and habits among the smaller 
kinds. Some are extremely difficult to obtain. 
Mr. Ellis Joseph, a resident of Australia, has 
at odd times brought us a number of rare 
specimens. 

Largest among the pouched  rodent-like 
forms, is the Wombat, Phascolomys mitchelli. 
This thick-set creature is tailless, and a big 
specimen will have a head and body over forty 
inches in length. Here is a replica of the mar- 
mot or the woodchuck, but grown out of bounds. 
Large examples weigh well over fifty pounds. 
The incisors have undergone specialization to 
the extend of looking quite like the powerful 
enawing teeth of the typical rodent. The crea- 
ture lives in burrows, digs rapidly with power- 
ful claws, and is altogther herbivorous. Another 
“rodent” type is the ‘Thick-tailed “Dormouse,” 
which, with the exception of the stout caudal 
appendage is astonishingly like members of the 
European dormouse genus. They curl into a 
ball to hibernate, like those creatures. The 
Feather-tailed Flying “Mouse,” Acrobates pyg- 
maeus, is also called the Pygmy Flying Opos- 
sum, although it is decidedly mouse-like. There 
is distensible skin between the limbs, and the 
tail is so furred that it looks like an elongated 
feather, appearing to function as a rudder in 
guiding the animal’s scaling flight. 

The phalangers, commonly called Flying 
Opossums, genus Petaurus, are replicas of large 
flying squirrels in form, and have extensive 
areas of elastic skin between fore and rear limbs, 
for gliding. These are particularly pretty ani- 
mals, with very soft and deep pelage, silvery 
gray, and with striped head markings. The 
eyes are large and luminous. Closely allied to 
the flying phalangers are the typical Australian 
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The thylacine, variously called wolf, hyena, tiger and zebra, the last names derived probably from the 
transverse black bars, sixteen in number, on its crupper, is a large and handsome animal confined to 


Tasmania. This largest of the carnivorous marsupials measures, when full grown. with the tail, nearly 

five feet in length, and has a very long muzzle and powerful jaws. He is nocturnal in habit, and is 

ill at ease in the glare of the sunlight, blinking like a distressed owl. The thylacine hunts in solitude 

and not, like wolves, in packs. The pouch easily accommodates the four young, which is the actual 
number at birth. 
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Upper: The fat-tailed marsupial mice are active, tiny animals, with soft gray pelage and round prom- 
inent ears. They are terrestrial, do not burrow and live on insect food. They have a well-developed 
pouch in which they carry the three to four young. This species is found generally over Australia, 
except in the north. Lower: The Tasmanian devil is appropriately named. Its disposition suitably 
deserves the appellation. It is utterably untamabie and this trait is the more remarkable by comparison 
with the gentle disposition of most other marsupials. The ‘‘devil’’ is entirely black, except for a white 
band or two. It is more dreaded by dogs in cone man the thylacine. It produces four to five young 
at birth. 
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The flying phalangers are as graceful and attractive little animals as the flying squirrels of our own 
country. In a sense, the name is a misnomer, as they do not actually fly. In nature these creatures 
can only descend in the air. When they wish to ascend a tree, they run up the trunk, the apposable 
thumb on the hind feet giving them a good grip on the branches. On the ground they are as awkward 
as a bat. When they wish to cover an intervening distance, they spread the loose skin of the abdomen, 
which is dark above and white or yellow underneath, and sail gracefully through the air. It is a 
marsupial and when the young one leaves the pouch it is carried on the parent’s back. 
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Arboreal animals are usually light, lithe and active, but the koala is the antithesis 

of this; it may be wondered, indeed, how such a heavy and clumsy animal can get 

a living among the swaying boughs of the giant eucalyptus, but its powerful limbs, 

armed with short, sharp claws, enable the koala to secure so firm a hold on the 
smooth bark that it is dislodged with difficulty. 
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opossums, which are also commonly called phal- 
angers. The Vulpine Phalanger is one of the 
largest. Its coat is of yellowish hue and woolly 
texture. 

The rarest of all Australian marsupials in 
American collections is the Koala or “Native 
Bear,’ Phascolarctus cinereus. This unique 
creature, like a miniature silvery-hued bear, 
with its big furry ears and most gentle ways, 
feeds largely upon eucalyptus leaves, and ex- 
cept upon the extreme west coast of the United 
States this diet is hard to match. Of all animals, 
from any country, it is one of the drollest and 
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most attractive. It stands as a star in a coun- 
try where most of the animals are unusual. 

Even in its palaeontological features, the 
marsupials appear to dominate in Australia. 
Larger forms preceded the existing animals. 
Among the fossil types was one approaching 
the size of a rhinoceros, but of form to indicate 
thatit was dull and inoffensive. There was atleast 
one carnivorous giant, larger than a bear, as well 
as kangaroos standing twelve feet high. All of 
this may seem strange and different from the 
findings in other lands, but the modern fauna of 
Australia is quite in keeping. 
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KOALA: NATIVE BEAR 
Australia’s Most Popular Mammal 


Cuarues Barrert, C.M.Z.S. 


OALA and kookaburra, one a mammal, the 

other a bird, are the most popular of all 
Australian animals. The kangaroo is regarded 
as a national figure, and is represented in the 
coat of arms of the commonwealth supported 
by the emu; but neither of these famous natives 
has won the affection that is enjoyed by our 
Koala, native bear, and Dacelo, the Great 
Brown Kingfisher, kookaburra. 

Phascolarctus cinereus charms everybody 
but the flint-hearted pelt-hunter, who has taken 
heavy toll of the species, and almost extermi- 
nated it in parts of its range, which extends 
from Northern Queensland to Victoria. But 
the koala is strictly protected now in two of 
the three states he inhabits, and, at least in 
Victoria, is making up the leeway of many 
vears of persecution. We have a great National 
Park, Wilson’s Promontory, where I have seen 
nearly fifty koalas during a long day’s ramble. 

Where to begin a biography of the koala, 
is a problem. Gleaning from field notebooks, 
I could give you a mosaic of observations, or a 
formal account of Phascolarctus viewed, coldly, 
through scientific eyes. Taking the privilege 
of a nature lover, I present this odd little, 
grey-furred creature as a personality. 

At the Melbourne Zoological Gardens, the 
koalas’ tree, a widespreading old gum, is 
circled by a high wire-netting fence. Our 
native bears may remain for weeks without 
inclination to wander, then the desire for a 
tree-change rules them. Lack of food—eucalyp- 


tus leaves—is a frequent cause of koala migra- 
tions, which may be a no greater change than 
from one tree to another. I recall an exodus, 
however, which took hundreds of koalas from a 
sheltered hollow thick with trees, to fresh for- 
ests by the open sea. The trees in the old haunt 
were dying, entirely denuded of foliage by the 
bears. The pioneers of this koala family had 
long lived in clover, until their numbers had in- 
creased so greatly that the trees in which they 
lived failed to produce foliage beyond the re- 
quirements of this great army of hungry lodgers. 

Phillip Island, a favorite resort of holiday- 
makers within easy reach of Victoria’s capital, 
is also a sanctuary for native bears. There, in 
the roadside trees, koalas are quite at their 
ease. ‘They peer down at motor cars whirring 
by; calmly returning the gaze of nature lovers 
and the merely curious trippers, and show not 
the least sign of fear. They know that they 
are protected; though occasionally one is 
secretly caught and smuggled away from the 
Island. | 

Fear, these toy-like marsupial dwellers of the 
giant trees, unluckily for its species in the past, 
either lacks that emotion or expresses it only 
when hard-pressed. Should you disturb a bear 
perched in the fork of a tree or clinging to the 
bole or a bough, it will gaze at you inquiringly, 
merely indicating a very mild surprise. 

The ordinary call of the koala is quite loud 
and discordant, and literally grates on the ears. 
It is truly a grating noise, very much like that 
produced by a saw cutting through a thin slab 
of wood. ‘These sounds, as they resound at 
night in the bush, have startled nervous folks 


unfamiliar with wild life. They gave rise 
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An albinistic phase of the koala, with her young ‘Joey’? on her back. ‘Joey’ is 
the Australian common nomenclature for the young of this quaint marsupial. 
Photograph by Charles Barrett. 
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once, in a Victorian district, to a bunyip scare! 
The bunyip is Australia’s mythical creature, 
living in aboriginal legend and camp-fire yarns 
of the white man. It has been variously de- 
scribed, as a fearsome monster, inhabiting dark, 
mysterious swamps; and roaring or bellowing 
a menace to man. Nobody ever has seen the 
bunyip, but everyone in Australia has heard 
of it, and some credulous white folks more than 
half believe that it exists. 

Our flying phalanger (Petauroides), squirrel 
it is usually termed—has also a very loud voice, 
and its cries may frighten “new chums” camp- 
ing-out in the wilds. Voices of the night are 
music to the naturalist—unless he be weary and 
trying to woo sleep, when he may think hardly 
even of a bear. 

My photographs, taken mostly in the wilds, 
show the koala in characteristic poses; they 
form a gallery, unique in its way, for I have 
hunted Phascolarctus with the camera for years, 
and from the tropics to bleak southern shores. 
I have climbed tall trees to interview them, 
and been clawed till the blood flowed, by young 
ones captured for closer inspection. Koala, 
although mild-mannered by nature, can fight, or 
rather, struggle for freedom. It has sharp 
claws with power behind them, and uses them 
gamely enough. Its limbs are strong; indeed 
the whole animal is very bulkily made for an 
arboreal species. It looks clumsy when progress- 
ing along the ground, but up aloft, the koala 
is seen at its best. Its face is truly, its for- 
tune. No other mammal in the world, surely, 
has a more appealing, childlike expression than 
that of a koala in repose, and this popular 
favorite of ours is as inoffensive as it looks. 
It does no harm, excepting to gum trees, the 
kinds whose leaves are richest in oil. It is 
from these Eucalyptus that oil is distilled in 
vast quantities for various uses. HKucalyptus 
oil on loaf sugar is taken as a cure for colds 
and coughs, yet the bears, who feed most ex- 
clusively on gum-leaves, have voices as hoarse 
as you please! 

Fur-hunters are responsible for the decline of 
Phascolarctus, in many of its haunts and disap- 
pearance from others; but disease, also, has 
been its enemy. During three years, 1887 to 
1889, the mortality from opthalmia and a disease 
of the skull was terrible. Another visitation 
spread over the period 1900 to 1903. Millions 
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of koalas were victims of the scourge, and this 
may occur again if the species should ever in- 
crease to multitudes, since we cannot guard 
them from disease. In the south no open season 
for koalas is allowed, but should the fur-hunter, 
given a month or two of free killing, it might 
place the koala with the dodo. Our protected 
bears are prospering now; disease is claiming 
only a few, the normal percentage probably. 

Excepting in the season that makes all crea- 
tures sociable, the koala is solitary. Of course, 
there are communities of sorts. A tree may be 
the home of several koalas; and all the trees of 
a group be tenanted. Still, communal life is 
lacking. 

Parent and young are frequently seen, and 
present a charming picture. In mid-winter— 
June is the usual month I believe—the baby 
koala is born. Large, even moderate-sized 
families are rare among koalas. One cub is 
the rule, and twins would be a novelty. For 
about three months the little marsupial lives 
cosily in its mother’s pouch. Then it is ready 
for the open air. The change is not much 
of a venture, since the cub merely climbs to 
its parent’s broad back, a safe perch for an- 
other quarter of the year. When six or seven 
months old, the woolly youngster—‘‘Joey”’ is 
a bush term for it—literally ceases to be a 
burden on its mother. It is now able to fend 
for itself, and chooses, perhaps after wandering 
for a while, a comfortable low fork in a gum 
tree as sleeping quarters in the daytime. The 
koala is mainly nocturnal in habits and usually 
is found asleep between dawn and sunset. It 
feeds at night among the topmost branches, 
having a nice taste for gum-tips. When the 
supply of tender shoots fails, koala shifts his 
quarters to a neighboring tree if there be one 
available not already eaten out. He may have 
to travel a bit, or go shares with other bears 
not at all anxious for his company. 

Climbing is as natural to the native bear as 
swimming is to a duck; only the marsupial 
going aloft cuts rather a sorry figure compared 
with the cruising water-bird. Koala digging 
his claws into the bark, makes a kind of jump, 
rests, and jumps again. ‘The ascent is jerky 
and ungraceful, but not so slow as you might 
imagine it to be. Though I’m an experienced 
climber, I’ve often been beaten easily by a 
bear. I tried once to head off a mother and 
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Breaking camp. 


Loading a pack-horse in the Queensland forest country. 


Photograph by Charles Barrett. 


babe to get them within range of a stand- 
camera. The mother with “Joey” clinging 
tightly to the dense, woolly fur of her back, 
jumped to the ground, lumbered through 
bracken for twenty yards or more and climbed 
a tall tree-stump very quickly. I snapped the 
pair easily then—securing the first photograph 
of the kind—an albino koala with a cub of the 
normal grey-brown hue. 

This was at Red Hill, on Wilson’s Promon- 
tory (our park of 101,000 acres, all reserved 
for wild life). Gum trees grow under the Hill 
in the swampy land where snakes are to be 
seen, and in spring where the dainty white but- 
terfly-iris blossoms. I rode among _ the 
eucalypts, counting teddy bears. They were 
there in dozens; solitary, several in a tree, and 
mothers each carrying a cub on her back. The 
month was October. When I passed directly 
beneath their perches, the koalas dozed on or 
looked down in their droll, inquiring manner. 
Drumming with a stick on the tree-trunk woke 
the sleepiest fellows; two or three of them 
erunted, and moved to higher forks; mostly 


they declined to move, excepting their heads, to 
gaze at the noisy intruder. 

As a pet, the koala indulges its instinct for 
climbing by getting on to human _ shoulders 
when given a chance to do so. It grips firmly, 
and a stranger unused to its ways may be 
scratched severely if he ventures to handle a 
tame teddy bear. A young farmer friend of 
mine in Queensland has a whole family of 
koalas as pets. They are gentle as dormice 
with their owner, nestle in his arms, squat 
upon his shoulders and plainly enjoy his com- 
pany. 

The koala’s face has an almost human ap- 
pearance, so pensive and droll as to lend itself 
readily to caricature. In our newspaper car- 
toons, in comic supplements and in fairy stories 
the quaintest little mammal in the world figures 
to the delight of grown-ups and children. 

The koala when wounded clings to his tree 
so tenaciously, oft-times, that even in dying the 
hold is not relaxed, and the victim’s body may 
not fall until some time after death. Though 
arboreal and devoted to a diet of leaf shoots 
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A koala climbing a gum-tree. Only the smooth-barked species with high oil content 
are selected by the bear for his food, and only a few species form suitable food-trees. 
Photograph by Charles Barrett, 
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The koala has one young at birth, which is born about June. It is carried in the 
pouch for three months and spends the rest of the year on its parent’s back, when 
it is then ready to shift for itself. Photograph by Charles Barrett. 
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on the lofty boughs, the koala at times goes for 
a terrestrial ramble, progressing clumsily on 
all fours. These excursions as a rule are made 
in quest of food. 

Color variation in the koala is not consider- 
able beyond the range from light to dark grey, 
which is the general hue of the thick fur. 
Mottled specimens occur, however, and of 
albinism in the koala I have several records. 
Unfortunately these attractive little animals 
suffer much from parasites, hideous ticks, which 
often increase until they sap the life from their 
host. I have found, lying on the ground in the 
forest, the bodies of bears killed by ticks. In- 
testinal parasites, also, afflict the koala. All 
things considered, despite his indolent life, 
Phascolarctus, is in no better case than many 
other creatures of the wilds. Under protection 
he is thriving and dimly may be aware that we 
acknowledge his right to a place in the sun. 

Koala really does resemble, superficially, a 
small bear. He has no tail, his ears are broad 
and furry, and his head and the stout limbs 
are bear-like. Native bear he is termed almost 
universally, in Australia. The title “Native 
sloth,’ mentioned by Lydekker, in his volume 
on ‘Marsupials,’ I have never heard applied 
to Phascolarctus, whose sluggish habits cer- 
tainly might have suggested it to an uncritical 
observer. | 

Browsing through old books, travellers’ tales 
and records of the early days when our cities 
were towns or villages, and aborigines still 
hunted on the outskirts of settlements, I have 
gathered some marsupial lore. Here is a 
sample, Colonel Patterson’s account of the hunt- 
ing of koalas by the blacks in the vicinity of 
Port Jackson: 

“The natives examine, with wonderful 
rapidity and minuteness, the branches of the 
loftiest gum-trees, and upon discovering a koala 
they climb the tree in which it is seen, with 
as much ease and expedition as a Kuropean 
would mount a tolerably high ladder. Having 
reached the branches, which are sometimes 
forty or fifty feet from the ground, they follow 
the animal to the extremity of a bough, and 
either kill it with the tomahawk or take it 
alive. The koala feeds upon the tender shoots 
of the blue gum-tree, being more particularly 
fond of this than of any other food; it rests 
during the day in the tops of these trees, feed- 
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ing at ease, or sleeping. In the night it 
descends and prowls about, scratching up the 
ground in search of some particular roots.” 

An old Bushman of the sixties gives an 
entertaining account of the koala, describing 
it—a pretty good portrait—as “about the 
size of a large poodle dog, of a light grey 
color, with white throat and rump and no 
tail; and a very comical-looking fellow he is, 
with his round, bald face, small black eyes, and 
square fringed ears.”” This early observer, who 
shot kangaroos and other animals and birds 
for the markets in Melbourne town, had scruples 
about shooting at the bears with shot, owing 
to the cruelty involved. The koala’s hide is 
thick, and a bullet only will be fatal when the 
animal is at any height—unless the victim is 
riddled with shot: a miserable kind of sport! 

The aborigines regarded the flesh of the koala 
as a delicacy—good eating, as we say. I’ve 
never tried it, nor am I likely to do so! It is 
said to be eatable, at a pinch, the flavor being 
not unlike that of a true bear—the species not 
named by my authority, the author of an Old 
Time book of wanderings in the Australian 
wilds. 

Millions of koalas have been killed for the 
sake of their pelts; millions of opossums 
(phalangers), of kangaroos, and other mar- 
supials. The trade, so hateful to lovers of 
wild life continues, but not unrestricted now. 
We are protecting species in danger of ex- 
tinction, and giving more thought to conserva- 
tion generally. The notable work done in the 
United States is known and highly appreciated 
in this Commonwealth of ours. The saving of 
the koala in Victoria, shows what may be done 
when the State guards its wild life with the 
approval of its people—all but those who profit 
by freedom to kill the fur-bearer. The wild 
dog of Australia Canis dingo, often met with 
in koala country, still flourishes, though it has 
for nearly a century been warred against, and 
wherever it ranges has a price upon its head. 
He is a sheep-killer and preys also upon wal- 
labies, ground-birds, and other creatures. ‘This 
is a pest animal, native but not marsupial, that 
has but few friends excepting among the 
aborigines, who alone are able to domesticate 
him. Grown up, it is treacherous, sneaking, 
and practically untameable, but as a pup, it 
has some charm—as my photograph proves. 
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A young Queensland settler and his family of pet koalas. The koala is both guile- 

less and gentle and when disturbed it gazes down from its perch without exhibiting 

fear. The voice of the koala is distinctive, a hoarse, grating call, and vies with 

the phalanger as being the loudest sound made by a native animal. Photograph by 
Charles Barrett. 
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The Kookaburra. 


More than half of the kingfishers known to science occur nowhere out of the 
Australian region, and among its wonders are kingfishers that do not care for water 


and never eat fish except in captivity. 


This interesting bird does not frequent 


water courses and feeds on reptilian forms and other dry land fauna. 


KOOKABURRA 
The Giant Kingfisher of Australia 


Leet S. CranpdALu 


N Eastern Australia, probably no bird is bet- 
ter known or better liked than the giant king- 
fisher or laughing jackass, familiarly known as 
the kookaburra. Various subspecies are found, 
ranging from Cape York in the north to Victoria 
and South Australia. In the vicinity of Sydney, 
New South Wales, it is particularly abundant, 
and is often seen perched on telegraph wires, or 
on dead stumps in clearings. For unlike the 
kingfishers of America, the laughing jackass is a 
bird of field and open forest, rather than of lake 
and river. Its food consists largely of insects 
and mice, with any unfortunate small birds or 
mammals it may be able to capture. 

This habit of bird catching is a trait which has 
made the kookaburra less popular than it might 
be with some nature lovers. In fact, it is not 
above raiding the barn-yard for young chicks, 
when other food is scarce. But its friendly, 


familiar habits more than make up for its de- 
linquencies. | | 

The name “laughing jackass” is derived from 
the bird’s loud, rattling call-note, which might 
easily be taken for wild, demoniac laughter. This 
is heard most frequently just as darkness is fall- 
ing and again just before dawn, while it is 
still quite dark. So regular is the bird that it is 
known, in the back stations, as the ‘“bushman’s 
clock.” At certain seasons, the birds roost to- 
gether in small flocks. Then, when they call in 
chorus, the noise is deafening and can be heard 
for considerable distances, in the stillness of 
dusk or dawn. | 

Once commonly imported by American dealers, 
restrictive laws in Australia have made the 
laughing jackass extremely rare outside its own 
domain. Fortunately, however, it is a hardy and 
vigorous bird, adapting itself readily to the con- 
ditions of confinement, and usually living out a 
long span of years. Consequently, there is 
usually at least one specimen to be seen in the 


Large Bird House of the Zoological Park. 
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In Australasia there are two species of wild dogs, the dingo or warrigal of Australia and the native dog 
of New Guinea. The dingo is the most widely spread of the few native animals that are not marsupial. 
It is found all over the continent, but not on the Island of Tasmania. Zoologists have not been able to 
account absolutely for the presence of a wild dog, a typical representative of the fauna of the outside 
world, in Australia. It is supposed that it came to Australia with the Aborigines ‘“‘at some period in 
that vague borderland of time where the geologically recent meets the historically remote.” An 
Australian scientist has stated that the dingo is nearer the ancestral type than to the other races of 
dogs. Photograph by Charles Barrett. 


Ty 


& 


RU 


ABE 
LER RCM DER OS 


OSPOL VR CPEVER 
Eagrseegeegrzses 


es 


x 
ws 
x 
* 
rs 
o 
B 
e 
ey 
* 
oe 
$ 
o 


Ae 


AE 


MApDISON GRANT 


Hirst Wice-President 
‘FRANK K. STURGIS 


Secretary 
WILLIAM WHITE NILES 


WILLIAM WHITE NILES 
FRANK K. STURGIS 
W. REDMOND Cross 


Henry FAIRFIELD OSBORN 


Rogpert S. BREWSTER 
Epwarp S. HARKNESS 
EpwIn THORNE 


Mapison GRANT 
WILLIAM WHITE NILES 
FRANK K. STURGIS 
Lewis R. Morris 


GEoRGE BirRD GRINNELL 
Mortimer L. SCHIFF 


Second Wice-President 
Kermit ROOSEVELT 


Executibe Committee 


Mapison GRANT, Chairman 
Henry FAIRFIELD OSBORN, JR. 
BAYARD DOMINICK 
De Forrest GRANT 


Board of Trustees 
Class of 1932 
Irvine K. TayLor 
Harry Payne BINGHAM 
LANDON K. THORNE 
J. WATSON WEBB 


Class of 1933 
ArcHER M. HuNTINGTON 
GrorGE D. PRATT 
CorNELIUS R. AGNEW 
HARRISON WILLIAMS 


Class of 1934 
W. REDMOND Cross 
Henry FAIRFIELD OSBORN, JR. 


Pew Pork Zoological Society 


Honorary President 
Henry FAIRFIELD OSBORN 


Treasurer 
CoRNELIUS R. AGNEW 


Asst. CGreasurer 


Ciry BANK FarmMeEeRS TRUST COMPANY 


GEORGE C. CLARK 
Kermit RoosEvVELT 
CorRNELIUS R. AGNEW, e2-0fficio 


OxiveR D. FILLEy 
De Forrest GRANT 
H. pe B. PARSONS 
GerorGE F. BAKER 


MARSHALL FIELD 
OGcpren L. MILLS 
VincENT ASTOR 

C. Suypam CUTTING 


ANSON W. Harp 
RoBeErRtT GorDON McKay 


KERMIT ROOSEVELT 
GRAFTON H. PYNE 


GEORGE GORDON BATTLE 
BAYARD DOMINICK 


FREDERIC C. WALCOTT 
GEORGE C. CLARK 


Kx-officio, THE Ciry or NEw York: 
The Mayor, Hon. JAMES J. WALKER 
President, Department of Parks, Hon. WAuTER R. HERRICK 


General @Cfficers 


W. Rew Buair, Director, Zoological Park 
Wiuuiam T. Hornapay, Director Emeritus 
CHARLES H. TowNnsEnp, Director, New York Aquarium 
R. L. Cerero, Bursar 
H. W. MERKEL, Consulting Landscape Architect 


H. C. Raven, Prosector 
H. pe B. Parsons, Consulting Engineer 


Zoulogical Park 
W. Reip Buatir, Director and General Curator 
CHARLES J. RENNER, Civil Eng’r and Const’r 
WILLIAM MitTCHELL, Cashier 


H. R. Mitrcueiyi, Manager 

R. L. Dirmars, Curator, Mammals and Reptiles 

Lee S. CRANDALL, Curator, Birds CHARLES V. NosBack, Veterinarian 

WILLIAM BEEBE, Honorary Curator, Birds ELwin R. SANBORN, Editor and Photographer 
CLAUDE W. LEISTER, Ass’t to the Director and Curator, Educational Activities 


Aquarium 
CHARLES H. TowNnsEND, Director 
CHARLES M. BREDER, JR., Research Associate Marvin C. FENSTEMAKER, Secretary 
Witiiam C. Bennet, Chief Engineer 


Department of Cropical Research 

WILLIAM BEEBE, Director 
GuorIA Houuister, Technical Associate 
JOCELYN CRANE, Laboratory Assistant 


JOHN TEE-VAN, General Assistant 
WILLIAM K. GREGORY, Scientific Associate 


Vol. XXXIV, No. 3 May-June, 1931 


(?ontents 


Soe Porsiaeuns Gin disosiom IPN IAOIA. foo o5 soba coe sce os oso soos a04s Frontispiece 


Y pean VavonbrovenKocuon Junie \GMMOMUING Bogan ooo ouconuoodg hood Charles V. Noback 75 


Illustrations 


PHOTOGRAPH OF THE First GortttA Broucur TO THE UNITED STATES...........--.0- 000 76 
READ 1G GEES PSF 1e Oke Hani SER © SIACS aU AGN TD ste et ran Trang oO sce 78 
Tue GrowtH or Penserosa (Figs. 5 to 28)........ 0. ee eee ee ee ee te ees fo 0e8e 81-94 


A series of illustrations made at intervals, together with a graph and chart which 
show the steady improvement of the gorilla from the moment of arrival to the 
present time. 


RECENT PHOTOGRAPHS OF PENSEROSA AND ALLEGRA... 1.0... 00006 c cece eee eee eee eet eee 96-104 
Several pictures made in 1931 which show spontaneous attitudes of the gorilla and | 
chimpanzee. 

COA Hi hen colle Bet gts cenit ed alae > Sie oe wie ROT Weta eee eh es Sclacrle ae ceyen eee eeranets se ec Be ees 88 


Weight record of Penserosa and Allegra. 


(GEE ATER EO Fi WWE 1G CIEL G ete et rr ee ee eae a 89 
Gorilla, chimpanzee and human female. 


PENSEROSA CAND CALE G Reb gee eee nob cSt AOR NOR yet ele) Okan Ba OE Dw eee rh eer eae ee eae Cover 


18s 10F 10, JU 1B SP Ih it 
New York Zoo.uoGicaL SOCIETY 


Copyright 1931 by the New York Zoological Society. All rights reserved. Title registered in the United 
States Patent Office. Issued bi-monthly at the Offices of the Society, 101 Park Avenue, New York City. 
Subscription $1.50 a year, 30 cents, single copy. Same rates for all Foreign Countries and Canada. 


Enitorial Stall 
W. Rein Bratr, Director, Zoological Park Cuartes H. Townsenn, Director, Aquarium 
Lee S. Cranpnati, Curator, Birds Raymonp L. Dirmars, Curator, Mammals, Reptiles 


Wituiam Besse, Director, Tropical Research 


Members of the Zoological Society are entitled to all Publications, Reports, Bulletins, Zoologica, etc. (Zoo- 
logica mailed by request only) and no effort will be spared to ensure their delivery. Changes of address, 
forwarding points and non-delivery of mail should be stated promptly. Contributions pertinent to the 
objects of the Bulletin cordially welcome. Stamped and return envelope should accompany communications. 
Editorial and Subscription Offices, Zoological Park, New York City, Elwin R. Sanborn, Editor. 


Several recent portraits of the Society’s gorilla. 


74 


YGICAL SOCIETY 


Published by the New York Zoological Society 


No. 3 


Vor. XXXIV May-June, 1931 


The Zoological Park’s Young Female Gorilla, Janet Penserosa 
With notes concerning her companion a young female chimpanzee, Ellen Allegra 


Cuar.es V. Nospack 
New York Zoological Park 


Illustrations, from figures five to twenty-eight, represent a record of development from the day the gorilla 

arrived until the present time. Figures 5, 6, 7, and 8 were made by the International News Photo Service, 

and those following by E. R. Osterndorff. The illustrations, other than those mentioned, taken by Elwin 

R. Sanborn in 1931, show the gorilla’s excellent condition at this time. All photographs were made in 
the Zoological Park. 


LTHOUGH vague descriptions of large 

and shaggy, man-like apes, living in the 
heart of Africa and called gorillas, are found in 
earlier literature, it may be recalled that the 
gorilla (Gorilla gorilla) was virtually an un- 
known animal one hundred years ago. The 
gorilla as known today was definitely identified 


for the first time by Savage and Wyman in 


1847, only eighty-five years ago. Yerkes and 
Yerkes in their outstanding work, “The Great 
Apes,’ speak of Savage and Wyman as those 
“who discovered this animal to the scientific 
world.” 

An adult gorilla, which may range from four 
to six feet in height and weigh approximately 
four hundred pounds, has never been seen alive 
outside of its native habitat, which includes part 
of the Belgian Congo, Gaboon Country and the 
Cameroons of Central Africa. Relatively few 
living infant gorillas have been brought from 
central Africa to any civilized country, as most 
of them either perished on board ship or died 
soon after reaching civilization. 

It was not until 1855 that the first living in- 
fant gorilla was brought from Africa to Europe. 
The following quotation from “The Great Apes” 
by Yerkes and Yerkes, contains references to the 
first infant gorillas that reached Europe: 

“In 1855 there was shown in England as a 
chimpanzee named Jenny, an ape which was 


subsequently identified as a young gorilla. It 
is known in the literature as Wombell’s gorilla. 
The first description which we have discovered 
is that of Waterton (1858) who mistook the 
animal for a chimpanzee. This specimen, which 
seemingly was the first living gorilla to reach 
Europe and to be presented as an exhibit, 
Waterton tells us, continued with the menagerie 
until it reached Warrington where ‘without any 
previous symptoms of decay, Jenny fell sick and 
breathed her last.’ Further information about 
this first gorilla may be found in Sclater (1877), 
Keith (1896), Scherren (1905), and elsewhere. 
Confusion of dates appears, in that certain au- 
thors refer to the animal as exhibited about 
1860. 

“The second European specimen, and the 
first to be exhibited in Germany, apparently is 
the Falkenstein gorilla which in June, 1876, 
was purchased from Dr. Falkenstein by the 
Berlin Aquarium for the sum of twenty thou- 
sand marks. | 

“What appears to have been the first speci- 
men to be exhibited in France is described by 
Milne Edwards (1884) as a male estimated at 
about three years of age. Presumably the ani- 
mal arrived in Paris in 1883. He survived a 
short time.” 

In “News Bulletin of the Zoological Society,” 
No. 2, published by the New York Zoological 
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Fig. 1. 


animal arrived in Boston, Massachusetts, May 2, 1897. 
A reference is made to this incident in the 
Photograph from an unknown source. 


time, dying five days later. 
text. 


Society in October, 1897, Dr. W. T. Hornaday 
records the arrival of what is known as the 
first living infant gorilla to reach the United 
States: 

“For many months I have watched with great 
interest the work of two American ape-fanciers, 
the Edwards Brothers, in training orang-utans 
and chimpanzees, which they continually ex- 
hibit. Ever on the watch for new simian ‘tal- 
ent’, they found in Liverpool last April [1897] 
in the possession of a dealer, a genuine baby 
gorilla, alive and well. They promptly pur- 


Photograph of a baby gorilla which probably was the first one of 
this interesting anthropoid ever brought alive to the United States. The 


It lived but a short 


chased the strange little creature, and on May 
2, the first specimen of Troglodytes niger (Go- 
rilla gorilla) ever seen alive in this country, ar- 
rived in Boston and was exhibited there. 

“It was twenty inches in height, fifteen and 
one-half pounds in weight, and its portrait is 
reproduced herewith (Fig. 1). The sailors who 
brought it to Liverpool from the Gaboon coun- 
try stated that its capture was due to an acci- 
dent to its mother, who was killed by a falling 
tree. When first captured the natives fed it on 
plantains and rice, but on reaching civilization 
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its bill of fare was extended to include milk, 
dry bread, apples, oranges, figs and bananas. 

“Although the little creature was a hearty 
eater, an energetic fighter, and apparently de- 
sirous of long life, fate proved unkind. For such 
a delicate and sensitive animal, it was brought 
across the Atlantic a little too early. On the 
voyage over it contracted a severe cold, which 
resulted in its death only five days after it 
reached Boston.” 

Three infant female gorillas have been re- 
ceived at the New York Zoological Park at dif- 
ferent times during the past twenty years. The 
first one was received on September 28, 1911, 
and died twelve days later. The second, Dinah, 
lived at the Park for over eleven months, from 
August 24, 1914, to August 1, 1915. The third 
infant gorilla received at the New York Zoo- 
logical Park is Janet Penserosa, the subject of 
this article. 

Early in the summer of 1928, Rev. W. Reg- 
inald Wheeler left the Gaboon country in West 
Central Africa for the United States by way of 
France, bringing with him three baby gorillas 
and a baby chimpanzee when he sailed from 
Duala, a West-Central African seaport. The 
anthropoid apes were quite ill during the voyage 
to France, and two of the gorillas died on board 
ship and were buried at sea. 

Although the surviving baby gorilla and 
chimpanzee were ill during the remainder of the 
journey, they managed to live on a diet of milk, 
bananas and bread. Upon reaching France they 
were taken to Paris and boarded at the Jardin 
des Plantes, where they were nursed and treated 
until arrangements could be made to transport 
them to New York. They left France for New 
York in October 1928, sailing from Cherbourg 
on board the White Star S.S. Olympic, housed 
in the ship’s animal quarters. 

The midnight of October 30, 1928, was calm 
as the Olympic quietly docked at Pier 59, North 
River, with a sick baby gorilla and chimpanzee 
as part of her living freight. 

Mr. William White Niles, Secretary of the 
New York Zoological Society, arrived at the 
pier the following morning to accept the rare 
gorilla for the Society from Rev. W. Reginald 
Wheeler. Acting under instructions from Dr. 
W. Reid Blair, Director of the New York Zoo- 
logical Park, the writer proceeded to Pier 59 
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early in the morning of October 31, to make a 
preliminary examination of the anthropoid apes. 
Mr. Niles and the writer went on board ship 
where they saw the weak, emaciated gorilla and 
chimpanzee huddled close together in one of 
the comfortable cages of the ship’s animal quar- 
ters. Fortunately such excellent accommoda- 
tions had been provided for them as otherwise 
they might not have survived the ordeal of so 
long a journey. 

The dock was a beehive of activity as the 
huge ship’s cranes unloaded baggage while pas- 
sengers left the ship to greet their friends on 
shore. Those who passed the customs examina- 
tion left immediately and were soon lost in the 
maelstrom of the big city, unmindful of the fact 
that a baby gorilla and chimpanzee were soon 
to be on their way to the New York Zoological 
Park. After an inspection, at about eleven 
o'clock, the customs officials permitted the go- 
rilla and chimpanzee to leave the dock. Each 
one was carefully wrapped in a warm woolen 
blanket and carried to a waiting automobile 
where a motion picture was made by Rev. Mr. 
Wheeler. They were soon on their way, through 
crowded city streets, bound for the Hospital at 
the New York Zoological Park. 

They reached their destination at one o’clock 
in the afternoon, and upon arrival at the Hos- 
pital were placed in a sanitary cage, which had 
been provided with clean, fresh straw. Here 
they were allowed to remain alone in order that 
they might relax and recover from the fatigue 
of thoir long and strenuous journey. 

They appeared to be somewhat bewildered 
when first placed in their warm, comfortable 
quarters within the quiet atmosphere of the Hos- 
pital. Their curiosity was soon aroused, how- 
ever, as they gazed about to inspect their new 
home. The cage in which they were temporarily 
housed was virtually a four-foot cubic room 
whose ceiling and front consisted of a wire | 
network. | 

They played with the straw or moved about 
cautiously. Both would immediately huddle 
close together like two lost children and hold 
on to each other at the sound of strange voices 
or footsteps in the hall. The chimpanzee lit- 
erally “mothered”’ the baby gorilla. It was with 
great difficulty that they could be separated as 
they would most strenuously resist. 
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At two o’clock they received a few pieces of 
orange pulp and a banana, which they ate very 
slowly. Later, at about four o’clock in the aft- 
ernoon, a cup of milk with an egg beaten in was 
offered to them. The chimpanzee readily drank 
her cup of milk with egg but the baby gorilla 
was very slow and persisted in her refusal to 
eat. It took more than half an hour to coax her 
to take her share of milk and egg. 

About six o’clock after finishing their evening 
meal, they moved about in their new quarters 
until sunset. At seven o'clock in the evening 
the last person left the building, leaving the in- 
fant gorilla and chimpanzee by themselves with- 
out the benefit of a night nurse or attendant. 
Upon observation it was noted that they gave 
no audible indication of fear when left in total 
darkness. After their journey and the excite- 
ment of travel they were apparently very tired 
as both were soon fast asleep. While on his 
tour of inspection, the night watchman observed 
them every two hours during the night. His 
report the next morning stated that they were 
found to have been quiet and fast asleep during 
the night. The watchman did not turn on any 
of the electric lights in the hospital building 
but used a small flashlight instead. 

Early the next morning they were wide awake 
and played about the cage together, the chim- 
panzee pushing the baby gorilla around so that 
at times the gorilla would cry, and then the 
chimpanzee would mother her again. 


The infant female gorilla weighed seventeen 
and one-half pounds (7.84 kg.) while the baby 
chimpanzee weighed eighteen pounds (8.18 
kg.). They were estimated as being about 
eighteen to twenty months of age since each 
had a full set of milk teeth, although the canine 
teeth of the gorilla were not fully developed. 


After an examination was made it was found 
that both of them were greatly emaciated and 
weakened from malnutrition and a cold. They 
were also afflicted with a skin disease (derma- 
titis). Because of their illness and poor con- 
dition it was not believed that they would sur- 
vive very long, consequently they remained at 
the Hospital for care and treatment. Since 
they were emaciated and ill, the veterinarian’s 
immediate problem was to keep them alive and 
then to do everything possible to restore them to 
a state of sound health. 
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The general plan of procedure was, first, to 
allow them to rest and relax in their quiet hos- 
pital quarters; second, to prescribe an adequate, 
nutritious diet, and third, to render indicated 
medical care and treatment. 


Rest and Relaxation 


A roomy cage twelve by fourteen by nine feet, 
enclosed with one-inch electric weld wire mesh, 
was built in one of the larger Hospital rooms. 
This was provided with a wooden floor, a bench, 
a pole one and one-half inches in diameter, and 
a trapeze. Straw covered the floor of the cage 
and a large skylight admitted a flood of sun- 
light. Their smaller cage served as a sleeping 
compartment while the larger one was used as 
a playroom for recreation and relaxation. 


Diet and Method of Feeding 


The next consideration in the care of the 
baby gorilla and chimpanzee was the choice of 
a suitable variety of foods to supply the neces- 
sary elements for growth and development. 
The food requirements of an infant gorilla are 
quite similar to those of the human infant so far 
as physical growth is concerned. Milk, eggs, 
fruits and vegetables, with a small amount of 
bone meal and cod liver oil were selected to form 
the basis of her diet. 

With the object of providing a wholesome, 
nutritious, palatable and adequate diet for the 
baby gorilla the following feeding schedule was 
prescribed and followed out from the first day 
of her arrival to the present date. The only im- 
portant change in the diet was that as she grew 
and increased in weight the quantities of food 
were materially increased. 

Feeding Schedule :—Breakfast at eight o'clock 
consists of milk and eggs prepared as follows: 
Two tablespoonfuls of whole dried milk and 
three eggs are added to a quart of diluted con- 
densed milk. This combination is then thor- 
oughly mixed with an egg beater. She is per- 
mitted to take as much of this food as she 
desires. During the first few months at the 
Hospital a prepared baby food was also added 
but later discontinued. Two to four teaspoon- 
fuls of Norwegian cod liver oil with some bone 
and blood meal are given at nine o’clock. 

The principal meal of the day is fed at 12:30 
to 1:00 P.M., and consists wholly of fruits and 


80 18) 10f Ih 1 19) FE It Ny 


vegetables. Bananas form a substantial part 
of this meal. The young gorilla may eat from 
two to six each day. It is interesting to note 
that the gorilla as well as the chimpanzee are 
very fond of eating the inner white lining (endo- 
carp) of the banana peel. They will frequently 
eat the whole banana skin. While human beings 
usually prefer to eat fully ripe bananas which 


taste relatively sweet, the gorilla and chim- | 


panzee prefer those which are not quite fully 
ripe, that is, bananas with a tinge of green in 
the yellow skin and which to the average hu- 
man taste are somewhat bitter—the taste of 
bananas not quite ripe. The ripe bananas nat- 
urally contain more sugar while the others have 
more starch. 

Ripe oranges are fed each day and are rel- 
ished by them. The chimpanzee prefers the 
orange pulp but does not care for the rind or 
skin. The baby gorilla, however, is very fond 
of eating the endocarp of the orange skin. 

Apples are usually fed on alternate days. 
Various combinations of the following vege- 
tables are fed daily—unpeeled potatoes, boiled 
or raw; lettuce, carrots, and rice in the form 
of a simple rice pudding with a good supply 
of raisins. Like children, they pick the raisins 
out first. They are permitted to eat as much of 
the above fruits and vegetables as they desire. 
Their food, though plain, is wholesome, nutri- 
tious and inexpensive. 

Some writers state that gorillas live upon 
and like to eat young shoots of the bamboo 
plant. Our gorilla, however, refused to eat some 
canned bamboo shoots which were obtained 
from a Chinese restaurant. She likes white 
bread, butter, and Swiss or mild American 
cheddar cheese if they are offered to her. Sun- 
flower seeds, peanuts and chocolates are also 
relished. These articles of food have at times 
been offered to her but they do not form a part 
of her diet. Later it was observed that the 
gorilla was very fond of picking grains of wheat 
from the heads of straws and eating them. She 
also likes to eat leaves, buds and the tender 
bark of wild cherry, sweet gum and other trees. 


Medical Care 
Appropriate medical treatment was _ pre- 
scribed when necessary. As a part of the gen- 
eral plan in the care and treatment of these 
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apes it was decided not to “coddle’ or pamper 
them in any way but to let them become self 
reliant. 

They were irradiated for fifteen minutes 
each day with ultraviolet light from a mercury 
vapor lamp at a distance of not less than six 
feet. The first exposures were from three to 
five minutes and then the time of exposure was 
lengthened. The ultraviolet light seemed to im- 
prove the hair coat but it cannot be definitely 
stated what the exact effect of the light was. 
The use of artificial “sunlight” continued until 
spring, as will be noted later in this article. 
During their first winter at the Park they were 
kept indoors because they were ill. 

An X-ray examination of the gorilla’s hand 
was made on November 3, 1928, and indications 
that she had been suffering from the effects of 
malnutrition were present. This X-ray record 
was the first of a series of radiographs which 
later served to indicate that the bones of the 
hand in the growing infant female gorilla de- 
velop more rapidly than those in the hand of 
the human child (Figs. 2, 3, 4). Observations 
on the development of the teeth and semi- 
monthly weight records were made which also 
tended to support the view that growth is very 
rapid in the young infant gorilla. 

Within ten days after her arrival the infant 
gorilla gradually became accustomed to her new 
home (Figs. 5, 6, 7, 8 and 9). Her daily 
routine began with a breakfast of milk and eggs 
at eight o’clock, followed by a rest period of 
half an hour, after which, at nine o’clock, she 
received her cod liver oil. The remainder of 
the day was spent in the playroom where she 
would play with the chimpanzee or else rest 
and relax. 

The midday meal, consisting of oranges, 
bananas, lettuce, rice and raisins, apples or po- 
tatoes, was served at 12:30 to 1:00 P.M. 


As the walls of the play cage consisted of an 
electric weld, one-inch wire mesh, the gorilla 
and her chimpanzee companion would climb 
all around the inside of the cage at will, or 
they would climb up the pole or swing on the 
trapeze until late in the afternoon. After their 
evening meal they would be left to themselves 
until early the next morning. With the chim- 
panzee lying on her back and the gorilla on her 
side, they would sleep throughout the night. 
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Fig. 5. The emaciated and weakened condition of Penserosa at the time of her arrival 
is apparent in the accompanying photograph, which was made soon after her arrival, 
at which time she weighed a trifle over seventeen pounds. A point of interest shown 
in the picture is the manner in which she balanced herself on the knuckles of her hand. 


Fig. 6. She was so weak at first that it was necessary to use a spoon in feeding liquid 
foods, such as milk and eggs beaten together. Cod liver oil, a necessary part of the 
diet, was also given her in a spoon.’ 
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Fig. 7. As she gained in strength, an interest was manifested in toys. She clasped a 
large rubber ball in her arms as she toddled awkwardly around, but like an infant 
appeared to be more intent upon chewing upon it than bouncing it about. 


Fig. 8. Occasionally the ball would be discarded in favor of a toy drum, which she 
treated in the same way. Improvement in her physical condition is evident by her 
rotund appearance. 
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Fig. 9. Bananas are a favored article of food among the great apes, and in the 

strictly limited dietary of Penserosa this fruit was included. She ate bananas with 

relish, preferring them, contrary to the tastes usually shown, not too ripe. Toward the 

middle of December, 1928, when this picture was made, the result of careful feeding 
was quite apparent. 


Fig. 10. 
pictures. 


The infantile state of the young gorilla is well illustrated in the following five 
She clings to her chimpanzee companion Allegra, who in turn mothers her 
little charge, manifesting the true maternal instinct. 
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BULLETIN 


Fig. 11. The courageous Allegra apparently senses a self-imposed responsibility, as 
she places her protecting arm about her timid companion. An instinct which is often 
revealed among wild animals. 


Fig. 12. When strangers arrive, the two little apes invariably cling tightly to each 
other. The gorilla ever dependent upon the more intrepid and fearless Allegra. 
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Fig. 18. The ever alert and active chimpanzee is all attention and interested while the 
gorilla hovers timidly behind her protector, nervously clutching a partially eaten banana. 


Fig. 14. They sit for the photographer with the same joy as the human. It is an ordeal 
which they endure with a pose of watchful waiting, seizing any opportunity to slip off 
; the perch and go back to play. 
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Fig. 15. When eating they present two extremes: the more high strung and active 
chimpanzee seizes the pan of milk, quickly raises it and speedily disposes of the 
contents, while the placid gorilla has very leisurely taken the first sip. 


Fig. 16. They were taken out-of-doors for the first time on May 15, 1929, by their 
keeper. Their condition is reflected in the lustrous condition of the hair and the ani- 
mated expression of the faces. This is a positive index of increasing good health. 
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Fig. 17. Both animals were allowed to play in the open like human children. Freedom 
in the warm sunshine, in which they indulged with tremendous zest, stimulated drowsy 
relaxation and restful sleep. 


Fig. 18. A branch of fresh, green leaves was both a novelty and a feast. They in- 
stinctively enjoyed a return to their natural diet, which they shared impartially and 
without greed. 
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This chart is a graphic representation of the weight record of the young gorilla and chimpanzee 


from the time of their arrival, October 31, 1928, to April 16, 1931, over a period of two and a half 


years. 


Ibs.) 


They were estimated as being about 19 months of age on October 31, 1928. 
average weight record in the human female is also plotted. 
in years, the small intervening spaces representing months. 


For comparison, the 
The figures along the base line indicate age 
Weight is recorded in kilos. (1 kilo—2.2 


The chimpanzee’s weight-curve closely follows that of the human, while the gorilla’s line indicates 


a rapid increase in body weight. 


The baby gorilla gradually became more ac- 
tive and soon climbed about upon the trapeze and 
danced around on all fours in an awkward, yet 
rhythmic manner. She grew more friendly and 
would sit in the keeper’s lap each morning and 
permit herself to be petted. On December 8, 
1928, it was noticed for the first time that the 
baby gorilla climbed up the pole in her play- 
room. The pole was an inch and a half in 
diameter and eight feet high. She was appar- 
ently learning to climb. 

The accompanying photographs which were 
made a few weeks after these apes arrived, 
illustrate how they appeared when received at 
the Park. They also serve to show how the 
chimpanzee mothered the dependent infant 
gorilla (Figs. 10, 11, 12, 13 and 14). 

During November and part of December, 
1928, their condition improved as they slowly 
gained in weight and strength. Penserosa (Fig. 
9), the gorilla, gained in weight more rapidly 
than the chimpanzee. 


On December 4, 1928, she weighed twenty- 
two pounds, a gain of five pounds since the first 
of November. 

While being fed, the baby gorilla utters a 
low, soft purring sound. Piteous cries are made 
when her chimpanzee companion deserts her. 
If greatly excited, as for example, when one 
forcibly takes the chimpanzee away into an- 
other room, the gorilla will open her mouth, 
retract her lips, show her teeth and let out a 
long, high-pitched shriek, like the scream of an 
angry child. 

Because of her slow, deliberate movements, 
deep-set soft brown eyes, and a serious, some- 
times pensive facial expression of her face, 
suggesting a thoughtful mood, the name Pen- 
serosa was given to the infant female gorilla. 
She had been known as Janet, therefore, her 
full name is Janet Penserosa. 

In contrast to the gorilla, the quick smooth 
movements, long slender fingers, large ears 
ready to catch the slightest sound, alert twin- 
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Human Femalet 


11.1 kilos 


13.6 kilos 


15.2 kilos 


*Penserosa; f Allegra; Human: Weight in kilos. of human (fem.); end of 1st year 9 kilos; 2nd year 11.1 kilos; 8rd 
After C. B. Davenport ‘“‘Human Metamorphosis’, 4m. Jour., Physical Anthropology, 


year 13.6 kilos; 4th year 15.2 kilos. 
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Figs. 20-21. Four interesting photographs of the changes in facial expression of the 
gorilla. In repose, grave and solemn, like a serious old man; relaxing with wrinkled 
brow into a drowsy yawn. 
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Figs. 22-23. 
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The very peak of a yawn. Not so very beautiful, but indicating complete 


lazy satisfaction. At the finish, Penserosa comes to life, showing in her countenance 


a curious mixture of awe, surprise and bravado. 
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Fig. 24. Both the gorilla and chimpanzee have been allowed access to their out-door 

cage in the coldest winter weather. Penserosa is shown in this picture with the tem- 

perature below freezing, nibbling bits of ice. Life in the open air had developed a 
heavy coat of hair. 
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Fig. 25. As a further demonstration of her indifference to cold, this picture, taken on 
February 25, 1930, shows her playing in the snow outside of her open-air quarters. 


Vol. xxxiv, No. 3 


NEW YORK ZOOLOGICAL SOCIETY 93 


Fig. 26. 


its construction. 


All of the great apes manifest a~consuming curiosity for any mechanical 
object and display at times great intelligence in attempting to solve the intricacies of 


She was instantly attracted by the crank operating the tilt of this 


camera, which she turned. 


kling light brown eyes, and a cheerful, mis- 
chievous facial expression suggested the name 
Allegra for the young chimpanzee. She had 
been known as Ellen, therefore, her full name 
is Ellen Allegra. 

Toward the end of December, 1928, Pense- 
rosa appeared depressed and feverish with 
symptoms of conjunctivitis, congested eyes, 
rhinitis and general malaise at first, which later 
developed into an attack of bronchopneumonia. 
Treatment consisted largely of rest, medica- 
tion, and the use of dry heat from an infra 
red lamp which appeared to relieve conges- 
tion. During this illness she became so weak 
that it seemed she was destined to meet the fate 
of most young gorillas brought to civilization, 
i. e., to become a victim of pneumonia. 

About the middle of January, 1929, recovery 
seemed assured as she gradually began to play 
again. Her weight on January 15, 1929, was 
twenty-two and three-quarter pounds. 

The inflammatory skin disease, dermatitis, 
cleared up under treatment. Her hair began to 
grow out in short, stubby bristles, which soon 
became long smooth hairs. 

On February 10, 1929, the wrist of Pense- 
rosas right hand became quite tender, painful, 


and somewhat swollen, and arthritis was sus- 
pected. Radiographic examination was nega- 
tive, the bones appearing normal. 

From this date on she remained in good 
health. The temperature of the Hospital was 
eo ais Go IE (Le? Ct RO I (Be GL) Ke 
mentioned previously in this article, she was 
kept indoors during the winter of 1928 and 
early spring of 1929. 

Despite the rough journey in the fall of 1928 
and the setback of pneumonia in December and 
January, 1929, her general condition continued 
to improve. 

With the approach of spring as the outdoor 
weather was becoming milder and more pleasant, 
it was planned to permit the baby gorilla and 
chimpanzee obtain the benefit of being out of 
doors during the day. Accordingly, on May 
28, 1929, Penserosa and her chimpanzee com- 
panion, Allegra, were permitted to play on the 
lawn in the Hospital yard. A bank about eight 
feet high with a gently sloping side covered 
with a grass lawn adjoins the yard, and on the 
top of the bank are several small trees and 
shrubs, among them a wild cherry and a small 
sweet gum tree. 

When first brought out of doors Penserosa 
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Figs. 27-28. These pictures were made in February and September, 1930, and show 
the rapidly maturing facial development, and the thick coat of hair, which indicates 
her vigorous state of health by the glossy appearance. 
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stood still on all fours, resting on the knuckles 
of her hands and the soles of feet. She curi- 
ously cocked her head to one side and tried to 
locate the source of the song of a chirping bird 
in a nearby tree. Then she awkwardly romped 
about on the lawn, climbing up the bank to a 
small black birch tree, and ate some young 
leaves and bark. She apparently enjoyed her 
first day out of doors. 

The use of artificial sunlight—the ultraviolet 
light from a mercury vapor lamp was discon- 
tinued as they were now to receive the benefit 
of natural sunlight. 

A large double cage consisting of an indoor 
and an outdoor compartment separated by 
a sliding door, was provided for them. A 
bench and trapeze were installed, after which 
the gorilla and chimpanzee were transferred to 
their new quarters each day. From this time on 
they had access to the outdoors at will during 
their waking hours while at night they were 
returned to their sleeping cage. 

Feeding time offers an opportunity to ob- 
serve some general behavior characteristics of 
the gorilla and chimpanzee. They awaken 
around six or seven o'clock each morning, tum- 
bling and wrestling about in the straw of the 
sleeping cage for an hour or more. About half 
past seven their keeper enters the hospital 
kitchen to prepare their morning meal. While 
their food is being prepared the clatter of 
aluminum pans and the whirring sound of the 
egg beater can easily be heard in the Hospital. 

The alert, restless chimpanzee is constantly 


on the move, jumping, crying, and climbing 


about the cage anxious to get her share as she 
finally directs her eyes toward the kitchen. 
The keeper enters with a pan of milk and as 
soon as it is placed on the floor of the cage the 
chimpanzee, Allegra, seizes it and hurriedly 
drinks her portion. In a few minutes she has 
finished her morning meal. 

The gorilla, Penserosa, on the other hand, 
moves about cautiously and with the exception 
of a single glance toward the kitchen, is undis- 
turbed as she rolls about the straw or plays with 
her fingers and toes. When her pan of milk is 
offered to her, Penserosa will frequently pay no 
attention to it, or she may simply glance at the 
milk and continue to go on her way, climbing 
about the cage or even lightly beat her chest. 
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After a pause of a few minutes she will lie down 
on her abdomen in a comfortable position (Fig. 
15), take the pan in her hands, deliberately and 
slowly drink some of the milk, stop, leisurely 
look- about her, make a low-pitched purring 
sound, then finally finish drinking the milk. 
Frequently it is necessary to coax or cajole her 
before she will take her portion. 

Between half past twelve and one o’clock the 
keeper feeds them in the large outdoor cage, 
except during rainy weather, when they are 
fed indoors. As the time for feeding approaches, 
Allegra the chimpanzee is as agile and active 
as ever and as soon as she hears the keeper ap- 
proaching with the large pail of fruit and vege- 
tables, she often cries and screams. 

Penserosa, the gorilla, is as quiet and re- 
tiring as usual although she may purr or make 
a sound which resembles a deep, subdued growl. 


When the bananas are given to the chimpan- 
zee she seizes them one by one and soon has 
more than she can hold. Then she begins to 
hoard them in a corner of the cage and refuses 
to allow the gorilla to take any. If the keeper 
gives the gorilla a banana, the chimpanzee im- 
mediately takes it away. The gorilla is fed in a 
separate part of the cage away from the chim- 
panzee, whose hoarding activities prevent the 
slow-acting gorilla from getting her share of 
food. If, however, the gorilla is very hungry she 
will fight the chimpanzee and refuse to give up 
her bananas. 

Improvement in the physical condition of 
Penserosa continued steadily as can be seen 
when we compare the photographs made at the 
time she was received with those taken in June 
1929 (Figs. 16, 17, 18), eight months later. Her 
chimpanzee companion also improved but the 
gorilla showed a more marked gain in weight for 
on June 14, 1929, the gorilla weighed twenty-six 
and one-quarter pounds (11.9 kg.) while the 
chimpanzee weighed twenty-four and _ three- 
quarter pounds (11.25 kg.). When comparing 
them it must be taken into consideration that the 
gorilla is the larger and heavier, an adult of the 
species weighing over four hundred pounds while 
the adult chimpanzee attains a weight of from 
160 to not more than 200 pounds. The signifi- 
cance of the weight increase seems to be that 
both were approaching a normal condition after 
overcoming the setbacks due to travel and ill- 
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ness. The graph (Fig. 19) on page 88, indi- 
cates the progress in the total body weight of 
Penserosa and Allegra in comparison with the 
weight curve of the infant human female. While 
it appears from this chart that the gorilla gains 
more rapidly in total body weight in compari- 


son with the chimpanzee and human, the record 
is presented simply as an observation, but no 
generalization is made at the present time. 

Outdoor exercise with rest and relaxation by 
basking in the warm sunshine aided materially 
in maintaining their improved condition. The 
young gorilla’s facial expression reflects her 
moods. Figure 20 illustrates her usual serious 
mood, while her response to the soothing effect 
of a balmy June day is expressed by a yawn of 
relaxation as illustrated in the series of three 
photographs (Figs. 21, 22, 23) which were 
made on June 14, 1929. 

Penserosa was becoming more self reliant 
in that she could be separated from Allegra 
and would play on the lawn, climb the small 
cherry tree, eat buds, young leaves, and re- 
move the tender young bark from the slender 
branches of the wild cherry tree by skinning 
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it off with her teeth. Later branches and 
twigs of the sweet gum tree were given to her 
and she enjoyed eating the young leaves and 
buds of this plant also, but was very fond of the 
fruit burrs of the sweet gum. 

The hot, sultry days of the New York mid- 
summer depressed the gorilla more than her 
chimpanzee companion. Penserosa would lie 
and pant on very hot days and drink consid- 
erable quantities of cold water. On July 20, 
1929, beads of sweat were seen rolling down 
her face, but except under her arm pits, her 
body was dry. As she did not exercise strenu- 
ously, it cannot be definitely stated that visible 
perspiration does not take place on other parts 
of the body. 

A luxuriant coat of hair, steady gain in 
weight, clear eyes, clean pink mouth with 
sound white teeth and healthy gums reflected 
the beneficial effect of sunlight, fresh air and 
~ wholesome food. 

It may be recalled that she had been kept 
indoors during her first winter at.the Park, 
due to her weakened condition at the time of her 
arrival. Notwithstanding the use of artificial 
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sunlight and the special care in keeping her in 
a warm environment she suffered from the ef- 
fects of a “common cold” and the sequellae of 
broncho-pneumonia. 

In their native state gorillas may be exposed 
to a wide range of climatic conditions. ‘Those 
found in the Cameroons live in hot, humid jun- 
gles during the wet season. Those found in the 
foothills and along the mountain sides are ex- 
posed to varying temperatures, especially at al- 
titudes of 4,000 to 6,000 feet, where low tem- 
peratures are prevalent at night. The so-called 
mountain gorilla of the Kivu Mountains is cov- 
ered with long, shaggy hair which protects it 
from the cold of high altitudes. 

It has been the usual practice at zoological 
parks to keep captive young gorillas in artifi- 
cially heated quarters during winter weather. 
As autumn was passing plans were being con- 
sidered as to how Penserosa should be cared 
for during the approaching winter of 1929- 
1930. Whether to keep her in heated quarters or 
to send her to a milder climate like that of 
Florida or Cuba were considered as possibilities. 

Since she was in good condition and enjoyed 
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being out-of-doors during the daytime, and 
because gorillas in their native state may be 
exposed to cold weather, it was decided to let 
Penserosa get the full benefit of the early win- 
ter sunlight and outdoor air. Penserosa and 
Allegra were therefore given free range of the 
combination in- and outdoor cage from morning 
to night. The indoor cage, however, was pro- 
vided with hot-water heat. 

They thus continued to remain out-of-doors 
during September and October, apparently 
happy and contented. The cool crisp October 
air had an exhilarating effect on Penserosa as 
she romped about the cage, clapping her hands, 
beating her chest, or at times dancing about 
rhythmically. 

She continued out-of-doors during November 
with apparently no harmful effects at all. On 
November 22, 1929, the thermometer registered 
40° Fahrenheit (4° Centigrade), that is, only 
eight degrees above freezing according to the 
Fahrenheit scale. On November 30, 1929, 
Penserosa was outdoors during the day when 
the thermometer registered 18° Fahrenheit, a 
temperature below freezing. Her coat of hair 
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became heavier and more luxuriant as the win- 
ter progressed. She did not suffer from the 
cold as her breath steamed in the sharp morning 
air, while she played in the outdoor cage. Al- 
legra, the chimpanzee, however, shivered and 
remained in the indoor cage most of the time. 
Snow was falling lightly on the floor and 
bench in the outdoor cage on the morning of 
December 3, 1929. The cage door was slid open 
and out romped both gorilla and chimpanzee. At 
first they looked about them inquiringly for a 
moment or two as the snow fell around them. 
They tried to catch a few snowflakes in their 
hands, and then picked up some snow from the 
floor of the cage, lifted it to their mouths and 
ate it. Like little children they seemed to enjoy 
their first snowstorm. Later the gorilla would 
pick up small pieces of ice and crunch them 
between her teeth (Figs. 24, 25, 26, 27). 
Penserosa continued to enjoy being out of 
doors each day throughout January, February, 
March, April and May—one whole year, with 
no bad effects. She did not contract a cold dur- 
ing this time and remained in good condition. 
This is perhaps the first time that a gorilla has 
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been kept out of doors during the day for an 
entire year in the North Temperate zone. In 
this case it would appear that cold weather does 
not have a harmful effect upon a young female 
gorilla. It seems probable that these anthropoid 
apes are more liable to succumb to respiratory 
infectious diseases on account of a low degree 
of resistance when brought into contact with 
infected human beings. 

From about the middle of February to the end 
of March in 1980 Penserosa did not eat very 
well and appeared to be fretful and irritable. 
She did not gain in weight during this period. 
It was with considerable difficulty that her 
mouth was examined. The gums behind the 
milk teeth were swollen, tender, reddened, and 
painful. Her first permanent molar teeth, 
which correspond to the six-year molar in man, 
were in process of erupting through the gums. 
This condition was the cause of her irritability. 
All four first permanent molars were visible 
during the last week of March, 1930. She now 
had twenty-four teeth, of which twenty were 
temporary milk teeth, and four were permanent 
molars. Her age at this time was estimated as 
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about three years. The chimpanzee’s permanent 
molars appeared during this same period of 
time. 


When in good humor she manifests her pleas- 
ure by slapping her abdomen with her hands or 
by rolling over and over on the floor. Fre- 
quently she builds a simple circular nest of 
straw and as a diversion rides about on the back 
of the chimpanzee. 

From a distance, one is impressed by the 
bulk of her body and strong, broad shoulders. 
The head, with its beetling brow protruding 
over deep-set light brown eyes and large round 
open nostrils, is set close to her body. Two 
prominent vertical wrinkles in the middle of her 
forehead, deep semi-circular wrinkles below 
her eyes and firm lips add to her old, serious 
appearance. The texture of the black facial 
skin is soft. The outer portion of the lips is 
smooth and black while the inner part of the 
mouth is pink. 

She lies on her back and spins herself around 
very rapidly by pushing against the sides of the 
cage, and dances about the floor beating her 
chest with her hands in a slow and even tempo, 
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which would seem to indicate a sense of 


rhythm. 


Hair Coat 


On general examination the smooth hair coat 
of Penserosa appears to be solid black with the 
exception of three small areas of white, two 
white patches on the cheeks in front of the ears, 
and an area of white surrounding the anal re- 
gion. The hair covering the crown of the head 
is close cropped and stands out in a pompadour 
fashion. It consists of a mixture of rufous 
(red), black, white and grizzled hairs, giving 
the crown a variegated appearance. On closely 
examining some of the individual hairs from this 
region four color types were found: 1. Black. 2. 
Black and white banded. 3. Rufous with black 
tips. 4. White. 

Individual hairs from the body were mostly 
solid black although a few scattered individual 
black and white hairs were also found. A con- 
siderable number of black and white banded 
hairs were found upon the outer thighs which 
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on general examination present a grizzled ap- 
pearance. 

Her chest is partially covered with a sparse 
coat of hair. The skin is dark grayish in color 
while the skin of the body has a light flesh color 
which can be seen as the hair is pushed back. 

With the exception of a slight, acute enlarge- 
ment in the softer tissues of the right wrist 
(radiographs revealed the bones of the wrist as 
apparently normal), Penserosa at present ap- 
pears to be in good physical condition. Her 
weight on March 18, 1930, was forty-two and 
three-quarter pounds (19.4 kg.) while the 
weight of Allegra was thirty-one and one-half 
pounds (14.31 kg.), Penserosa being heavier by 
eleven pounds. The greater part of each day 
was spent out of doors during the summer and 
fall of 1930. She continued to remain out of 
doors throughout the winter of 1930 and 1931, 
remaining free from colds and steadily gaining 
in weight. Her weight reached fifty-eight 
pounds (26.3 kg.) on April 16, 1931, while the 
chimpanzee was forty-one pounds (18.6 kg.). 
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The series of poses of the gorilla and the chimpanzee on this page, and also those on pages 96 to 102, 
are shown to illustrate spontaneous attitudes during activity as recorded by the camera. 
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Avian Mound Builders and Their Mounds 


Notes on the habits of the Australian Brush-turkeys, by Charles Barrett, with a brief introduction 
by Lee S. Crandall, concerning specimens of the family Megapodiidae that have been exhibited in 
the Loological Park. 


Illustrations from photographs made in the Zoological Park, and from field photographs by Mr. Barrett and other naturalists. 


INTRODUCTION 


HE mound builders, or megapodes, are a 
fairly large family of birds, about forty 
forms, of seven genera, having been described. 
They have a wide distribution in Australia and 
the islands to the north of the “island conti- 
nent,’ including New Guinea and the Solomons, 
extending west to the Nicobars and north to the 
Philippines. Their affinities are undoubtedly 
with the gallinaceous or fowl-like birds, and 
their most obvious physical characteristic is the 
proportionately great size and power of the feet 
and legs. This peculiarity is correlated with 
the mound building habit, for it is with these 
implements that the birds gather the huge heaps 
of debris which serve as incubators for the eggs. 
Only three species of this interesting family 
have been exhibited in the Zoological Park. 
These are the mallee fowl or ocellated mega- 
pode, the scrub-fowl and the brush-turkey, all 
described by Mr. Barrett in the following 
article. 

The ocellated megapode (Leipoa ocellata) is 
found in the southern portions of Australia, two 
subspecies being recognized. In its native land, 
it is known variously as lowan, mallee fowl, 
mallee hen, native pheasant, etc. Never a com- 
mon bird in captivity, this megapode is now 
seldom seen in collections and rightly, for there 
seems no doubt that it is rapidly becoming 


Moreover, it does not seem to thrive 
particularly well in confinement, at least in the 
climate of New York, and none of our speci- 
It is 
a bird of dull and lethargic temperament, dis- 
inclined to exercise, which may account, to some 


scarce. 


mens has lived for more than a few years. 


degree for our lack of success with it. 

The scrub fowls (Megapodius), on the other 
hand, are alert and active little creatures, much 
like perky domestic fowl, with out-sized feet. 
Mr. Barrett's bird is M. reinwardt tumulus, 
found in the Northern Territory and northern 
Queensland, Australia. Some thirteen other 
subspecies of M. reinwardt are listed, from New 
Guinea and neighboring islands. Our represen- 


tatives of the genus were Reinwardt’s scrub-fowl 


(M. reinwardt reinwardt), from the mainland 
of New Guinea. During the Zoological Society’s 
expedition to that island, in 1928, I saw many 
nest mounds of Megapodius, and several times 
surprised the owners close at hand. Although 
they can run with speed, they usually took flight, 
flapping through the heavy bush on clumsy 
wings. In spite of their abundance, however, I 
was unable to secure living specimens. The 
birds exhibited here were obtained from dealers. 

The brush-turkey (Alectura lathami lathami) 
of Queensland and New South Wales, was once 
a fairly common bird in capitivity but the re- 
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strictive laws now in force in Australia have 
placed it among the rarities. Fortunately, it is 
extremely hardy—two specimens now in our col- 
lection have been here since 1922. 

Perhaps because of the propensity of the 
males for killing their mates, we never have been 
successful in breeding the brush-turkey, although 
this has been accomplished on several occasions 
in Europe. However, our birds are constantly 
building mounds and almost daily may be seen 
busily adding to the heaps of sand, leaves and 
twigs in their separate enclosures. 

In 1918, a male brush-turkey escaped from 
his run in the Zoological Park and disappeared. 
Nothing: was heard of him for several days, 
when we learned that the grounds force was 
greatly incensed over a huge heap of leaves which 
had been erected in a tangle of underbrush near 
the Jungle Walk. Small boys were suspected of 
this sacrilege but constant watching had failed 
to disclose the culprits. 

Our truant brush-turkey came instantly to 
mind and we went at once to the scene of the 
reported vandalism. A loud rustling and scratch- 
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ing under the rhododendrons, which ceased as 
we drew near guided us to the spot. We found 
a circular mound of leaves, sticks and rubbish 
which measured, roughly, twelve feet across and 
three feet high. For many yards around, the 
earth had been scraped quite clean. Too clean, 
it seemed, to be the work of a large and clumsy 
bird. But we had only to wait silently for a 
few moments, when a dark form emerged steal- 
thily from the shadows and revealed itself as 
our lost brush-turkey. Immediately he went 
to work, his back toward the mound, throwing 
clouds of leaves and debris behind him, as he 
progressed, crab-fashion, toward his objective. 
There was a small brook to cross but this was 
no real obstacle. Sturdily the bird scraped his 
rubbish into the water, then scraped it out again 
on the homeward side. 

For some weeks the mound grew and took 
shape, and many interested persons had oppor- 
tunity to watch the bird at work. ‘Then one 
morning, we found him dead, the victim of the 
type of visitor against whom we are always on 
guard, though not always with success. 


—_—__+9@+______ 


HE nest-structures of the mound-building 

birds of the Australasian Region, are not 
unlike miniatures of the ancient man-made 
mounds in America, works of the prehistoric In- 
dians where skeletal remains and stone imple- 
ments are found in these huge artificial hillocks 
scattered through Ohio, Illinois and other areas 
in the United States. 

These marvellous birds, in their nesting 
habits, reveal kinship with reptiles. <A reptilian 
characteristic has survived through the ages in 
the Megapodiidae. They do not sit upon their 
eggs, but deposit them in big mounds of earth 
and sand, sticks, twigs, and rotting vegetation. 
The “hot-bed” in the mound is an incubator: 
heat produced by decomposition of the vegetable 
matter hatches the eggs. The chicks are most 
precocious; they are born feathered, work their 
way to the surface of the nest-mound, and are 
able both to run and to fly when only a day 
old. 

None of my birdland memories is more deeply 
etched than that of the first glimpse of a mound- 
builder in its haunts. Twenty years ago, in the 
victorian country, I met with the Lowan, and 


excavated one of the natural incubators, which 
are as remarkable, in their way, as the Bower- 
builders’ play-halls. Since then, I have en- 
joyed many outings among the Lowans, and the 
other mound-makers that live in sub-tropical 
scrubs and the jungles of North Queensland. 
The small family Megapodiidae is almost 
confined to the Australasian Region, and, as 
Newton observes in his “Dictionary of Birds,” 
is highly characteristic of some parts of it: this 
applies mainly to the peculiar dry areas of 
south-eastern and south-western Australia, 
which we term Mallee, from the fact that the 
principal vegetation consists of dwarf Eucalypts 
or gum trees (the dominant form over great 
areas is Kucalyptus dumosa). Some species of 
Megapodes actually bury their eggs in the 
ground (a distinctly reptilian trait); others are 
more advanced, being mound-builders. Morpho- 
logically, the Megapodes are very primitive, 
possibly lower than any other family of birds. 
More than four centures ago, the remarkable 
habits of a mound-building bird were observed, 
in the Philippines, by Antonio Pigafetta, a sur- 
vivor of Magellan’s famous voyage. Under date, 
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The nesting mound of a Scrub-fowl, Megapodius reinwardt, in the jungle. These mounds are used year 
after year and thus increase to large proportions. the birds scraping out the egg-chamber and adding 


new material at each nesting period. 


April, 1521, Pigafetta gave in his journal the 
earliest record of an avian mound-maker. He 
describes the bird as being about the size of a 
fowl, and states that it lays, in the sand, eggs as 
big as those of a duck, which are hatched by 
the heat of the sun. There are other very early 
records; and, in 1703, in his observations on 
Birds of the Philippines, Petiver communicated 
to the Royal Society of London an account of 
the Megapode of Luzon. The species that in- 
habit Amboina and Celebes, respectively, were 
described in 1726, by Valentyn. But the learned 
men of Europe were skeptical; accounts of the 
Megapodes’ strange nest-habits, from that given 
by Pigafetta to Valentyn’s description in his 
work on the East Indies, were discredited, as 
merely marvels, by naturalists. 

It was an Australian mound-builder, the 
brush-turkey (Alectura lathami), which won for 
the Megapode family scientific recognition. It 
was originally described by the naturalist whose 
name it bears, Latham, in 1821; but he called it 
the “New Holland Vulture.” Later, he discov- 
ered his error, in classing among the carrion-eat- 
ers a bird of Galline character. 


In a mound seven feet in diameter and three and one-half feet 
high, there were about three cartloads of earth, leaves and _ sticks. 
chamber is as high as 95 degrees. 


The heat generated in the egg 
Photograph by Charles Barrett. 


We have, in Australia, only one species; in 
New Guinea and other islands there are six or 
more different Brush-turkeys. Our form is the 
largest. About the size of a domestic hen-turkey, 
it is of a general sooty-brown to blackish-brown 
color, the under surface being brownish-gray 
with white edging to some of the feathers. The 
nearly bare head and neck are pinkish-red and 
this brightly colored skin, which is beset with 
fine bristles, contrasts with a large bright yellow 
wattle on the breast. This is a portrait of the 
male; the female is similarly colored, but lacks 
the ornamental wattle. The birds are really hen- 
like in appearance; usually they carry the tail 
partly folded, and upright. 

The brush-turkey ranges from Cape York, 
North Queensland,, down into eastern New 
South Wales, and is plentiful enough in many 
localities. It is one of the most remarkable 
creatures of the palm scrubs of the eastern 
coastal ranges, and also occurs inland, in places 
where the conditions are suited to its needs. It 
is known commonly as brush-turkey, but often 
is called the .Wattled Talegallus. One has 


glimpses of it running rapidly through the un- 
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Mound constructed by a Brush-turkey in the forest along the Jungle Walk in the Zoological Park. The 

bird escaped from his quarters, and for several days remained entirely concealed, although the Park was 

hunted over with great care. Subsequently a report was sent to the office that some person had been 

heaping leaves into a pile in Beaver Valley, which, upon investigation, proved to be the work of the 

missing Brush-turkey. The heap was about twelve feet in diameter and three feet in height, and the 

ground around the edge of the mound was scraped entirely clean of leaves and debris; an excellent 
illustration of the speed and perseverance of this strange bird. 
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A Brush-turkey. called by Gould the Wattled Talegallus, in the Zoological Park. Often wild animals 


adapt themselves readily to confinement and with encouragement manifest the instincts common among 


them, particularly that of breeding. 


The perpetuation of the species is the most irresistible impulse, 


and the mass of sticks and vegetation, a rough imitation of the nesting mound which was placed in the 


yard, was an invitation which the occupant could not ignore. 


dergrowth, dodging easily the thorned stems of 
the lawyer-vine (Calamus), and other obstruc- 
tions to the progress of an intruder in its 
haunts. Its carriage facilitates quick movement 
where the ground is cumbered with growth and 
rotting logs, snake-like roots and stems, and 
crowding ferns. The body is carried with a for- 
ward dip, while the bird is travelling through 
the scrub. 

Immense mounds are raised by brush-turkeys, 
usually in the midst of dense scrub or in forest 
glens, frequently on the slope of a hill. They 
are more or less circular and dome-shaped. Size 
varies, of course, but a fairly typical mound 
would measure, at the base, about thirty-six feet 
in circumference, and about three feet in height. 
But larger mounds are not rare: I have seen one 
six feet in height and nearly fifteen feet in di- 
ameter. The pyramidal form is usual, not in- 
variable; nor is a steep slope always chosen; 
mounds on fairly level spots often are met with. 
But the birds have a distinct preference for se- 
cluded home-sites. 

Long before egg-laying time, the birds are 
busy preparing collecting material for the nest- 


Photograph by Lee S. Crandall. 


mound. They work industriously, clearing a 
space perhaps forty or fifty yards in diameter, 
of debris—fallen twigs and leaves from the jun- 
gle trees and bushes: the ground may be left 
almost bare for many yards around the great 
heap, which gradually rises. Brush-turkeys are 
accomplished scratchers, and seem to enjoy their 
mound-building activities. I have watched them 
at work. Some observers state that each mound 
is raised by one pair only; others, that several 
birds assist in its construction. It is not un- 
usual to see one male turkey joyously scratch- 
ing and scraping on the mound; also I have 
observed two or three birds thus employed. The 
late Mr. D. Le Souef, Director of Melbourne 
Zoological Gardens, closely watched  brush- 
turkeys, both in the wilds and in captivity. His 
observations indicate that the male makes the 
mound unaided, and jealously keeps the hen 
birds away, should they attempt to seratch holes 
in the heap before he considers it to be ready 
for eggs. “He beats them off unmercifully.” 
Brush-turkeys have been reared at the Mel- 
bourne Gardens. From the huge mound in the 


Talegallus enclosure, 


seventeen young were 
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hatched, one season; they made their own way 
to the surface, and all but one was reared to ma- 
turity. During another year, no fewer than 
fifty-six eggs were deposited in the mound: there 
This clutch 


was a failure, through lack of sufficient vegeta- 


were several birds in the enclosure. 


tion in the mound to generate the heat required 
for hatching. The newly-emerged chick is of a 
dark-brown color. It does not chip its way 
out of the shell, which is brittle at the stage 
when hatching is imminent; but bursts the egg 
into small pieces by its “struggle for freedom.” 
The day-old chick is nimble-footed and partly 
feathered, its wings being developed sufficiently 
for a little flight to some lower branch of a tree 
near the mound, should danger threaten. 

When only one pair uses a mound the com- 
plement of eggs will be from about twelve to 
sixteen; while a community mound may con- 
tain several dozen. A hen, when the urge to 
lay prompts her, scratches a hole in the mound, 
less than a foot in depth and near the summit, 
usually. After the laying, she leaves, and the 
hole is filled in by the male with debris, which 
he tramples down. Eggs in all stages may be 
found in the same mound; they are placed in a 
perpendicular position, and, roughly, in tiers. 

The parent birds frequently are seen at the 
mound, and perhaps are watchers during the 
whole period of incubation, which is lengthy, 
since fresh eggs may form the final, central, 
layer or circle, while those first laid at one side 
of the incubator, are on the point of hatching. 
Whether the females are in constant attend- 
ance, when hatching is likely, and frequently 
uncover and cover the eggs again, with the ob- 
ject of helping any young that may have ap- 
peared, I do not know. That such is the case, 
some of the aborigines assured Gould; but others 
declared that the young received no assistance. 

Decayed leaves, etc., mingled with fine de- 
bris, form the central part of a mound; coarser 
layers follow, and, finally the builders add 
bushels of fresh material—twigs and leaves, and 
sticks of assorted sizes. 

Brush-turkeys have many human enemies: the 
birds are shot for food, by settlers, in some 
districts, and their mounds are robbed, since the 
large white eggs (elliptical in shape, with coarse 
textured shell) are good eating. Among natural 
enemies are the great lizards popularly called 
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‘goannas’. Our monitors are of formidable 
size, one species attaining a length of over 9 
feet. They dig into the mounds with their large 
and strong claws, and devour any eggs discov- 
ered. 

The scrub or jungle-fowl (Megapodius rein- 
wardti), the second of our trio of mound-raisers, 
was named M. tumulus by Gould. Besides the 
Northern Territory of Australia and North 
Queensland, its range includes New Guinea, and 
some of the lesser islands, as Aru, Banda and 
Flores, and Lombok. From Wallace’s Line to 
the tropical north of Australia, is an extended 
distribution. My first acquaintance with the 
an isle of romance 
which bears the prosaic name of Dunk! I was 
staying with my old friend, the late Mr. E. J. 
Banfield, whose books, “Confessions of a Beach- 
comber”’, “My Tropic Isle’, and “Tropic Days”, 
have made the lovable man and his island home 
familiar to readers in many countries. No one 
has written such an intimate account of the 
jungle-fowl as that contained in The Beach- 
comber’s earlier pages. He has written delight- 
fully, too, of this, a favorite species, in letters 
Sometimes on the island, together, we 
watched his bird friends in the jungle, or the 
bungalow garden. They were always entertain- 
ing. And mounds were not far distant. Often, in 
the evening, as the birds were going to roost, we 
heard their loud, chuckling notes. 

The scrub-fowl, also called “Scrub-hen,”’ has 
dark chestnut-brown plumage, dark grey on the 
under surface, a brown crest, and reddish-brown 
feet. The sexes are similar in appearance. They 
are comical birds, and, with due encouragement, 
become confiding. I quote from one of Mr. Ban- 
field’s letters: “Since you left the island those 
big blue and green butterflies (Papilio ulysses) 
have been plentiful, and the scrub-fowls so 
cheeky that the pups hunt them out of the 
garden. I saw five scrub-fowls among the 
orange trees the other day, in very holiday hu- 
mor, playing circus or merry-go-round, or some 
other circumlocutory pastime. With outspread 
wings sweeping the ground, they danced with 
zest while cackling as if the whole isle belonged 
to them. ‘The swamp-pheasants (Pheasant- 
coucals) are wonderfully tame and the cheeky 
Honeveater alighted on the head of the couch 
while I was reading, the other afternoon.” 
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On Dunk Island, there is an old mound be- 
neath the branches of a giant fig tree (Ficus) 
and near the edge of the beach, where vegeta- 
tion begins. It has seen many seasons, and when 
I saw it was overgrown with little pioneer jun- 
gle plants. Commonly, mounds are formed 
within a few hundred yards of the tropic beach, 
but also far from the sea. At Byfield, for ex- 
ample, a district about nine miles inland, we 
found the scrub-fowl at home, and plentiful, 
in “brush” on the hills and along creeks that 
flow through this Queensland plateau to the 
sea. Byfield, the southern limit of the scrub- 
fowl’s range, is a banana-growing district with 
rich soil on the slopes and summits of its hills, 
so that the jungle is doomed. Farms on the hill- 
sides have deprived Megapodius and other birds 
of much territory. The mean annual rainfall of 
Byfield is seventy inches. 

We located several mounds. One, situated on 
a mountain plateau, measured 25 feet in diam- 
eter and eight feet in height. Hidden in dense 
scrub, it was steep-sided and rather small at the 
top. Another mound measured forty feet in cir- 
cumference and nearly ten feet in height. Here 
we disturbed a raider: a monitor lizard emerged 
from the hollow in the mound, where it had been 
delving for eggs. 

The scrub-fowl is a mighty builder, using 
“cartloads” of dark, sandy soil mixed with de- 
caying vegetation, twigs, sticks, etc. Sand and 
shells are the principal building materials when 
the egg-mound is near the seashore. These 
rounded structures—sometimes conical—dwarf 
those raised by the brush-turkey and the Lowan. 
The Megapode mound measured by Gould’s col- 
lector, Gilbert, in a far northern locality, was 
150 feet in circumiterence and fifteen feet in 
height, and contained, it has been estimated, al- 
most 9,000 cubic feet of soil and debris. 

While the mallee-fowl and the brush turkey 
both open up their mounds for the purpose of 
ege-laying, the megapode burrows into the tumu- 
lus to deposit each egg. The holes may be over 
six feet in depth, and one egg only is laid in 
each, at least as a rule. After the laying, the 
hole is filled up, soil being scratched into it 
lightly by the bird with its powerful feet; the 
work is done expeditiously, for these jungle 
dwellers are master scratchers, 

The large eggs, of long ellipse shape and 
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pinkish or yellowish-buff color, are hatched by 
the heat which fermentation of the mass pro- 
duces at a depth of several feet. The tempera- 
ture is about 94 deg. The complement varies, the 
average being eight or ten eggs. Almost invari- 
ably, only a pair of birds is observed at a mound 
at the same time. The eggs, apparently, are de- 
posited during the night, and at fairly long in- 
tervals—-several days. Occasionally, eggs are 
deposited in the open; at least, I have seen one 
lying in a “cave” among the buttress roots of a 
tall jungle tree. ‘The megapode of Savo, one 
of the Solomon Islands, dispenses with the 
mound, instead burrowing into the sand. Into 
a main burrow, side ones lead, an egg being de- 
posited in each. All the burrows are filled in 
after the laying. 

Megapode mounds are used season after sea- 
son, and added to annually, until, from small 
hillocks they have grown to huge proportions. 

The third of our trio of mound-builders, birds 
that are industrious workers but dispense with 
the duty of incubation, is the Lowan or mallee- 
hen (Letpoa ocellata), often termed “native 
pheasant.” None of the megapodes has been 
more intensively studied than the Lowan, which 
inhabits dry, scrub-covered country in the 
southern half of Australia, ranging from South- 
western New South Wales, through north-west- 
ern Victoria, southern parts of South Australia, 
and the western state—an extensive distribution. 
The bird is closely associated with mallee (dwarf 
species of gum-tree—Eucalyptus), and, de- 
prived of its shelter and seclusion, soon disap- 
pears from age-old haunts of its species. 

Settlement has encroached on vast tracts of 
the Lowan’s territory, and steadilv the advance 
continues. In Victoria an area of over 30,000 
acres of Mallee country has been reserved, as 
sanctuary for wild life and the mallee flora. 
Ere another half century has passed, the mallee- 
fowl or hen may be nearing extinction in Vic- 
toria, outside reserves. There are still exten- 
sive tracts of untamed Mallee, but the process 
of converting our northwestern wilderness into 
wheatfields continues, and the native fauna re- 
celves scant consideration when its haunts are 
coveted for cultivation. We are fortunate to 
save an area here and there, wherein to con- 
serve the country’s original animal inhabitants. 
There is not a wild aborigine left now in the 


118 


BULLETIN 


July-August, 1931 


Mound of the Scrub or Brush-turkey in Queensland. In the lightest timbered country with belts of thin 


scrub, the brush-turkey makes its mound, and here also the wallabies abound. The nesting mounds in 
this locality, as described by Le Souef, were three or four feet high and seven feet in diameter. The 
birds do not start to build uv their nests until the vegetation is sufficiently moist to generate the 


heat necessary for the incubation of the eggs. 


whole state; only a handful of blacks on sta- 
tions, none of whom has experienced the primi- 
tive life of a Stone Age people. 

As a member of the Wonga Park Committee 
of Management, I have visited the reservation 
several times, and traversed it in all directions, 
and have camped on its lakes, which are dry, 
grass-grown hollows, excepting for a year or 
two after successive seasons of ample rainfall. 
The mallee is a land of little rain, and our 
Park’s small lakes are linked by a winding 
ereek with big Lake Albacutya and Lake Hind- 
marsh. Albacutya may remain dry for years, 
but while it is empty, the Park creek and lakes 
also are waterless. But we have drinking-places 
for the cockatoos, parrots, and other species— 
troughs filled from wells, and the Park is a 
paradise for the bird lover, especially in nesting 
time. It is the only mallee reservation in Vic- 
toria, and should be four times as large to en- 
sure the future of the Lowan and some other 
birds peculiar to the dry north-western region. 
The Outlet Creek, remnant of a river, is Wonga 
Park’s central feature, flowing—when it does 
flow—tfrom lake to lake, between gum-tree lined 


Photograph by the late D. Le Souef. 


banks to Pine Plains, one of the oldest stations 
(ranches) in Victoria. Much of the area con- 
sists of sand-hills, covered in darf Eucalypts 
and other typical mallee vegetation. There are 
high and low ridges covered in Murray pines 
(Callitris), and wide valleys, alight with wild- 
flowers in the Spring and early Summer time. 
One depression, a water-mirror for the sky at 
intervals of years, we cali Golden Lake, because 
a beautiful-flowered acacia grows freely on its 
borders, bushes all golden with bloom in Sep- 
tember. 

About ten square miles of the Park area con- 
sists of typical Mallee-fowl country, and some 
nest-mounds have been located there: we hope 
that it contains many. Occasionally I see Low- 
ans in the Park, but observations on this won- 
der bird were made chiefly in other districts, 


before settlement had tamed the wilderness of 


scrub and sand and pine-ridges. 

Pine Plains homestead has been my headquar- 
ters during several camera-hunting expeditions 
among creatures of the Mallee; and for half a 
century this historic station has been noted 
among naturalists. Hollows in dead gum trees 
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that dot the home-paddocks are nesting-places 
of parrots and cockatoos. Wonga Park is the 
only area in Victoria now, where the lovely Re- 
gent Parrot (Polytelis anthopeplus) still rears 
broods every season. Wonga, also, is one of the 
very few nesting haunts, in the State, of the 
pink cockatoo (Cacatua leadbeateri). When any 
naturalist from America visits Victoria, I pro- 
pose a trip to our Mallee reservation. 

“This remarkable bird,’ Gould wrote of the 
Lowan, nearly seventy years ago, “is among 
the most important of the ornithological novel- 
ties which the exploration of Western and South- 
ern Australia has unfolded to us. Like the Wat- 
tled ‘Talegallus, it is rendered highly inter- 
esting from the circumstance of its not hatching 
its own eggs, which, instead of being incubated 
in the usual way, are deposited in mounds of 
mixed sand and herbage, and there left for the 
heating of the mass to develop the young, which, 
when accomplished, force their way through the 
sides of the mound and commence an active life 
from the moment they see the light of day.” 

We have learned much concerning the habits 
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of the Lowan since Gould’s “Handbook to the 
Birds of Australia” was published (in 1865) ; 
but this “outline” sketch has only been filled in, 
as it were, and we are planning, even now, fur- 
ther team observations. A mound must be 
watched, day-long, throughout building time and 
the actual breeding season. 

Sir George Gray, explorer and, later, a Colo- 
nial Governor, one of Britain’s vice-consuls of 
Empire—was a pioneer observer of the mallee- 
fowl “at home,” and in a letter to Gould, dated 
September, 1842, gave a detailed description of 
the nest-mounds. It was in the Wongan Hills, 
western Australia, that Sir George found Ngou- 
00, or gnow (aboriginal name for Leipoa) hil- 
locks, in the midst of dense scrub. The Wongan 
Hills are about 1300 feet above sea level, and 
their slopes are covered in gum trees, while for 
miles around extends the mallee scrub. 

The Lowan, though always forming its 
mounds in the seclusion of the scrub, favoring 
the densest places, is not confined to it, but 
frequents also the more open tracts and those 
wide sunlit valleys between the dunes that are 


The monitors of Australia are confirmed marauders, large, powerful and active. 
the eggs of various birds, they work great havoc among the mounds of Megapodes. 
instinct in detecting the presence of eggs in the mounds of the turkeys, has made them formidable 
enemies of these isolated and unprotected nests and frequently they make use of these natural incubators 


as a repository of their own eggs. 


As their diet includes 
Their uncanny 


An interesting instance of two widely separated living forms from 


the Reptilian stem using the same medium for the incubation of their eggs. Photograph by Charles Barrett. 
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In the Mallee scrub country of Victoria. The picture at the top is a bit of typical mallee scrub, a haunt 

of the Mallee-fowl—Lowan—and where this species constructs its nesting-mounds. The scrub is a 

species of mature, dwarf Eucalypt—Mallee gum trees. In the center is a settler’s home in the Mallee 

country which has been cleared of the scrub for cultivation. The lower picture shows the method 

employed of rolling down the scrub to clear the land. As the land is cleared, the nesting sites of the 

Mallee-fowl are destroyed, thereby forcing the birds farther back into the wilderness to seek mere 
isolated areas. Photographs by Charles Barrett. 
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Nesting mound of the Mallee-fowl. 


filling in the egg-chamber with twigs and decayed vegetation. 
edge of the mound. Evidently this is a pair both at work on the nesting site. 
about August and both birds assist in their structure. 


A rare and unusual photograph showing this shy bird on the mound 


A second bird is standing just at the 
These nests are made 
With other species the male alone does most of 


the work. The male and female Lowan differ very slightly in their markings, and their color harmonizes 


so closely with their surroundings that they are rarely seen. 


wild-flower gardens in the Spring. I have met 
with our mound-builder even close to a settle- 
ment, in a small, uncleared area, and seen it 
run across a roadway. Still it is shy and wary, 
and cne obtains merely glimpses of the Lowan, 
unless observing from a hide near the mound. 

Rather like a small hen turkey, in size and 
general appearance, the Mallee-fowl is charm- 
ingly colored: back and wings are spotted 
black, white and brown; the neck is of a light 
fawn-grey color, and bare portions of the head 
and face are delicate blue; the eyes are light 
hazel, but brilliant; legs and feet, dark brown. 
The Lowan eats the seeds of shrubs of different 
species, the leaf-buds of one or two kinds, and 
berries, also insects, including ants, which 
abound in its haunts, Phasmids, beetles, etc. Its 
gizzard is very hard and horny. Though able 
to go for long periods without moisture, except- 
ing such as they obtain from foliage in the early 
morning hours, or from their insect victims, 
these birds drink on occasion—during or just 
after a rainfall. They are rapid runners, and 
dodge through the scrub, if pursued, for some 


Photograph by the late C. H. McLennan. 


distance, seldom taking wing. They roost on 
low branches—there are few high ones in their 
usual haunts. 

Mounds may be very isolated, or several be 
formed by different pairs of Lowans, within a 
restricted area. Little more than two hundred 
vards separated two mounds I discovered near 
Ouyen, when that township was an infant set- 
tlement, an islet in a sea of scrub. The size of 
the mound varies a good deal; a fairly large one 
measures, at the base, over twelve feet in diam- 
eter and three or four feet in hight. I have seen 
mounds over 40 feet in circumference, and 
others much smaller. 

Though swift-footed at need, the Lowan’s 
usual gait is dignified, a slow walk. It is mostly 
a silent bird, as befits its solitary habits: its sub- 
dued, soft note, uttered occasionally, is in tune 
with the spirit of the lonely mallee scrub. 

Much hard work goes to the making of a 
mound, and unless driven off by encroaching set- 
tlement, or otherwise disturbed by man, birds 
may use the same nest year after year. They 
are, of course, annual renovations. When a new 
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The pictures on this page and the two on the opposite one represent various stages of mound-building 

of the Mallee-fowl. The one at the top is a mound just completed, perhaps but a few days, and is 

generating heat in the hot-bed of decaying vegetation preparatory to the laying of the eggs. The lower 
picture shows the mound opened by the birds down to the egg-chamber. 
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Eggs of the Mallee-fowl lying to one side of the egg-chamber. 
or incubating chamber were leaves of the dwarf eucalypt or gum tree. The lower picture shows the 
mound after the eggs were deposited. This mound contained one tier of eggs. Photograph by 

Charles Barrett. 


The materials used in forming the hot-bed 
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mound is required a hollow, perhaps two feet in 
width, and seven or eight inches deep at the 
centre, is scraped out of the chosen site. This 
depression is filled in with leaves and twigs and 
other debris, scraped off the ground around it, 
or brought from a distance: both wings and feet 
are used in gathering and transporting material. 
In the scrub one sees many trails, due to the 
Lowans’ wing-sweeping and foot-scraping op- 
erations. They are most industrious as builders! 

The hollow filled, the birds proceed to build 
up a low mound of the material—les3 than a 
foot above ground level, and in the centre of this 
make an excavation, perhaps six inches deep and 
over a foot across: the egg-chamber. Next comes 
mound-making proper. Sand, or dry grey earth 
mixed with sand in some localities, is heaped 
around the egg-chamber or nest, which then is 
ready for the rains. Work at the mound ceases 
until winter downfalls have soaked the heap of 
vegetable matter and other debris forming the 
“hot-bed,”’ which may be several months after 
preliminary work in the autumn. Sand, then, is 
scraped over the mound to a depth of six inches 
or more, and another period of waiting follows, 
only a few days perhaps, while the decaying 
debris beneath the sandy dome, is generating 
heat. At length, all is ready for egg-laying, and 
the female bird scrapes a great deal of sand 
out of the egg chamber, leaving a two or three 
inch layer at the bottom. 

I have opened many- Lowan mounds, and 
found eggs in plenty, but as to the birds’ mode 
of placing eggs in position, must quote my late 
friend, D. Le Souef: “She then lays her egg, 
and holding it upright with one foot, with the 
small end downwards, she scrapes the sand 
round it with the other foot until it can stand 
alone. The bird has to lean well back to en- 
able her to use both her feet. 
the whole with sand.” 

Whenever an egg is laid, the egg-cavity must 
be scraped out, and refilled. The eggs are de- 
posited in tiers, usually at the outer edge of the 
When those first laid have been coy- 
ered several inches deep in sand, another tier is 
begun. Three tiers are usual, each composed of 
three to five eggs. The full complement varies 
much, however from eight or nine or a dozen up 
to eighteen; the average being about fourteen. 
Dawn is the hour for egg-laying, at three-day 


She then covers 


cavity. 
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intervals. The period of incubation extends over 
about five weeks. The temperature of the egg- 
chamber varies but slightly—95 deg. to 96 deg. 

Lowan eggs are delicious, unfortunately for 
the species: in the days before protection under 
our Game Laws, nearly every mound discov- 
ered was robbed by the settlers; and even now, 
there is poaching of the kind. The eggs measure 
between three and four inches in length (3.73, 
3.52, and 3.44, are sample measurements), and 
are elliptically inclined, or of a long oval shape. 
The very thin, coarse-textured shell is pale 
pink, or pinkish-buff colored when the egg is 
fresh, but soon darkens. 

The young are so precocious that they run 
quickly when just out of their mound-nursery, 
and are even able to fly, their wing feathers be- 
ing sufficiently developed to support them in 
the air over a short distance. They work their 
own way to freedom, according to some ob- 
servers. while others believe that the old birds 
aid them. Certainly, the parents do open up the 
mound to some extent almost every day, and the 
heap of sand and debris thus never becomes set 
while in use. Chicks from eggs of the top- 
most tier have a fairly easy task in getting to 
the surface; those of the lower tiers would bene- 
fit by parental aid. Dead chicks are found in a 
mound occasionally. The late C. H. McLennan, 
a Bush naturalist and keen observer, widely 
known as “Mallee Bird” (his pen name), often 
watched Lowans at their mounds, and took the 
unique photograph here reproduced. The birds, 
he recorded, have a habit of flattening out the 
“nest” at about 10 o’clock in the morning, in 
order to admit the heat of the sun, and about 3 
P. M. building it up again. 

Foxes (introduced, for sporting purposes, 
from England) are enemies of the mallee-fowl: 
they dig into the mounds after eggs. I have 
found evidence of their raids at many a mound. 
The big Monitor lizards (goannas) also rob 
the Lowan of its eggs, but man has been the 
worst enemy since the era of progress began in 
north-western Victoria and other parts of the 
wonder-bird’s range. 

When a new area is thrown open for settle- 
ment, clearing begins on the blocks (640 acres 
each), the virgin scrub being actually rolled 
down in swathes, almost as easily as wheat falls 
to the harvester. Stems of the dwarf mallee eu- 
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Ocellated Megapode (Leipoa ocellata) in the Zoological Park. In captivity this bird lacks the stamina 

of the Brush-turkey. The gray, fawn and black color-pattern is distinctive of this species. A nesting 

habit of one of the Megapodes of the out-lying islands is interesting as opposed to that of ocellata. 

Instead of erecting a mound, a hole three or more feet in depth is made in the sands along the shore 

above high-water and a single egg deposited about every twelve days, until six or eight have been laid, 
which eventually are hatched by the heat of the sand. 
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calpts are brittle at the root, and the great log or 
iron roller, drawn by a team of bullocks or of 
horses, smashes them down—it is the Jugger- 
naut of the mallee. Lowan mounds do not es- 
cape; they may be rolled nearly flat, and hun- 
dreds of small birds’ nests are destroyed com- 
pletely by the ruthless roller. When the rolled 
scrub has become dry enough, it is burnt; and 
erubbing out the roots—in great demand as fuel 
—is the final clearing operation on a settler’s 
block. 

_ A Victorian Shire is called Lowan, the aborig- 
inal name for the mallee-fowl, and one of the 
most musical in any Australian tribe’s vocabu- 
lary. 

At my request, the Chief Inspector of Fish- 
eries & Game for Victoria (Mr. F. Lewis) wrote 
especially the following account of the present 
status and future prospects of the Lowan in 
UKE SHAE — 

“The Lowan or Mallee-fowl was once very 
common in what is known as the Mallee section 
of Victoria, but of late years a very big pro- 
portion of this conntry has been cleared for the 
purpose of growing wheat. A large section of 
the Mallee country is considered, at the present 
time, unfit for settlement, and in these parts 
the Lowan is still fairly common in spite of the 
depredations of the imported fox and of the 
settler in search of fresh eggs. 

“Tt is most likely that, for a good number 
of years yet, a considerable portion of the drier 
parts of the Mallee will remain unsettled, and as 
jong as this is so the Lowan will continue to ex- 
ist. Should there come a time, however (and it 
is not at all improbable that this will eventuate ) 
when improved methods of cultivation will en- 
able the drier portion of the Mallee to be set- 
tled, the position of the Lowan will then be very 
precarious. The education of the public will 
probably result in the bird and its eggs not be- 
ing interfered with by man, and the losses by 
the fox, judging by present experience, are not 
very serious, so that the most important factor 


in the preservation of the bird or otherwise is 


the spread of settlement. 

“To counteract this it will be necessary to 
make large reservations of typical Mailee coun- 
try before it is all alienated. There is at the 
present time a large National Park in the Mal- 
lee which, so far as it goes, is excellent. The 
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greater part of this Park being composed of the 
valley of a river which once flowed through 
this country is not typical Mallee and therefore 
unsuitable for the breeding and preservation of 
the Lowan. To preserve this most interesting 
and unique member of our fauna, further reser- 
vations of typical Mallee country should be 
made at once. If this is done, I see no reason 
to fear the ultimate loss of this bird. If these 
reservations are not made it will only be a mat- 
ter of time before the Lowan will disappear, 
from Victoria at least.” 


Encourage Vireos-—During the summer al- 
most anywhere in the United States at least one 
species of vireo, and usually more than one, is 
to be found flitting about in the trees or shrub- 
bery. In the East and Central regions the com- 
mon species is the red-eyed vireo, but the white- 
eyed, warbling, and yellow-throated vireos also 
are abundant. ‘The Philadelphia, blue-headed, 
Hutton, and Bell vireos are more or less widely 
distributed. As with other common species of 
birds, the question as to whether or not vireos 
are beneficial is legitimately raised, and to 
answer it, the Biological Survey has made a 
study of their food habits. 

The food of the several vireos is shown to 
be very similar though sometimes varying in> 
proportions. Most of the insects eaten are 
either neutral or definitely injurious in their | 
economic relations, and may be placed on the 
credit side of the account of these birds. All 
vireos are especially fond of caterpillars. Scale 
insects are a notable item of vireo food, and 
other tree pests are freely eaten. Many de- 
structive weevils were found in the stomachs 
examined, including such forms as the clover- 
leaf, clover-root, cotton-boll, and nut weevils, 
the plum curculio and bark beetles. Vireos also 
destroy ants and grasshoppers. Useful insects 
taken by the vireos include some of the hymen- 
opterans, predacious bugs, and beetles, among 
which are ladybird beetles, which are almost 
uniformly beneficial. Although it is regretted 
that vireos consume as many ladybirds as the 
evidence indicates, yet they also devour many 
of the pests attacked by the ladybirds, which 
must, in part, excuse them. As fruit eaters the 
vireos are practically harmless. 
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On the bank of the creek flowing along one side of the “‘Isle of the Dead” stands an old tree, known to 

the settlers of that part of the country as the ‘“‘Canoe Tree.’ As the legend runs, over a century ago 

the aborigines cut from its trunk the bark for one of their primitive canoes. The serrations in the trunk 

indicate that the bark was lifted only after arduous labor, afterwards to be converted into a funeral craft 
ferried by an aboriginal Charon. Photograph by Charles Barrett. 
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The Turtles of the Northeastern States 


The turtles and terrapins of the North Atlantic and New England States with a 
brief description of the various species. 


C. Ratpu De Sora 


The illustrations in this article are from photographs in the collections of the New York Zoological Society, and were 
made from specimens in the Zoological Park and the New York Aquarium. 


INTRODUCTION 


HE northeastern coastal plain, or Atlantic 

slope, of the United States contains Maine, 
New Hampshire, Vermont, Massachussetts, 
Rhode Island, Connecticut, New York, New Jer- 
sey, Pennsylvania, Delaware and Maryland, and 
this region forms a zoogeographical entity as 
regards reptilian forms. The nineteen species 
of terrapins and turtles evenly distributed over 
this area have received little or no attention, 
existing accounts being scattered and hidden in 
the literature of herpetology. With the excep- 
tion of Ditmars’ “Reptile Book” written in 
1907 and Babcock’s “Turtles of New England” 
(1919), nothing can be found that treats upon 
the turtles of the North Atlantic states as a 
group. It is interesting to note that nineteen 
turtles ranging through eleven states are all 
within a two hundred and twenty-five mile 
radius of New York City. 

Regarding the words “terrapin” and “‘tur- 
tle,’ the suggestion made by Dr. Hornaday has 
been adhered to in this article; he advises that 
all turtles having purely terrestrial habits be 
termed “tortoises,” that all turtles leading an 
aquatic existence be termed “terrapins, ’ and that 
all marine forms of the ocean be termed “‘tur- 
tles.”’ This ruling has been used in the popular 
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names which are followed by the taxonomic 
nomenclature devised by Stejnegar and Barbour 
in their “Check List of North American Rep- 
tiles and Amphibians.” 

Only turtles and terrapins are dealt with here 
as tortoises are restricted in their range to the 
warmer and somewhat tropical regions of our 
country. (See remarks on Box Terrapin). The 
sea turtles, although hatched in tropical waters 
of Central America, the West Indies and our 
own Southern coasts, are frequent summer visit- 
tants to Northern harbors and off-shore ocean 
waters. ‘The terrapins, on the other hand, are 
native to the region under consideration and 
hibernate during the winter. 

The sea turtles (Trunk-back, Kemp’s, Logger- 
head, Green,and Hawkbill) are to be found along 
the coasts of all states from Maine to Maryland. 

The fresh-water terrapins (including Spiny 
Soft-shell, Soft-shell, Snapping, Box, Red- 
bellied, Western Painted, Eastern Painted, Map, 
Diamond-back, Muhlenberg’s, Sculptured, Spot- 
ted, Mud Box and Musk) are distributed in 
equal abundance over the entire area. However, 
the local Diamond-back Terrapin is restricted to 
the coastal region from Massachusetts to Mary- 


land. 
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Turtles Found from Maine to Maryland, Including Vermont and Pennsylvania 


Name of Turtle States: New England Vt. NY &NJ Pa. Md. Del. 


Sra TurtTLES 


runk-back Turtle Dermochelys conacea.. 4). ...-.5..-- Xr Xr Xr Xr 
Kemps Bastard aluntles@ancitas icant pie tat emia ac ee: Xr X xX xX 
Boecerhead Abuntles Canctia Cancridaen pile heehee. Xr xX xX xX 
Greenaluntlen@ vel onidaamiyCia sa. smscere ewe Wee eile cinie een Xr X xX x 
Hawk bill Gurtlewimetmocieliys: iO ntcd lames. erie Xr X xX x 
Lanp ANnpd Ponp Turt.ues, TERRAPINS 

Spiny, Somiesivelil Terre Alaogaie SOOMUIEPS so cs eso kee ooe xX Xx xX x X 
Sott-sheil Al errapined mda oniiicar nes |e nese a Be xX es 
Siayoyoumes ena (aeauelna SAP DOTUMOG.s 5 bi 566558055005 X X X xX x Xx 
Box, Terrapin MerrapencucarOlinde 24. ue ee op X X X Xx X xX 
Red-bellied Terrapin Pseudemys rubriventris............ X X Xr x x Xr 
Western Painted Terrapin Chrysemys marginata......... ; bie Xr X os 
Basterm waimbed slerrapina Ciigysenysaplera plac ss sn ae yr. Xx xX X Xx Xx XxX 
Map Terrapin Graptemys geographica................. Xr Xr Xr x on 
Diamond-back Terrapin Malaclemys centrata concentrica. Xr ae Xr es xX X 
Muhlenberg’s Terrapin Clemmys muhlenbergi........... Xr Xr Xx xX ate as 
Sculptured Lerrapin Clemmys insculptan. 4m. 2 ae): X X X xX Xr Xr 
Spotted serra pine Cl cm ysiGuilal dee oe nate tie eae X X X xX xX X 
Mud Box Terrapin Kinosternon subrubrum............. X X Xx X Xx X 
Musk Terrapin Kinosternon odoratum...............4... xX Xx x Tae. X 
Asotalsspectes aby asta lese cust tence Gite) urge Oni ns pole « Ne 11 18 13 15; 14 


Total species listed: 19 


(X indicates occurence of species in state) 
(Xr indicates species is rare) 


Key to the Identification of Turtles 
Adapted after Pratt’s “Manual of the Vertebrate Animals of the United States.” 


Class: REPTILIA: REPTIILES—Back-boned, bilaterally symmetrical animals, covered with 
scales or plates. 


Order: TESTUDINATA: TURTLES—Reptiles having jaws without teeth; whose wide and 
short bodies are enclosed in a shell made up of a top shield, the carapace, and a bottom 
shield, the plastron. Carapace and plastron are covered with horny plates and the head, 
neck and limbs of the body with scales. 

Families, Genera and Species: 

a-1 LAND and POND TURTLES: TERRAPINS—Aqguatic turtles found on land and in the 

inland waters (ponds, streams, rivers and salt marshes) ; limbs not in the form of flippers. 
b-1 Shell covered with horny plates. 


e-1 Short tail without horny scales on top; plastron large and oval. 


d-1 Plastron with 9 to 11 horny plates; margin of carapace turned downward, not 
flaring. 


Mud Terrapins, Kinosternidae, genera Kinosternon. 


e-1 Plastron very narrow and not covering the soft parts. 
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f-1 Head with yellow stripes. 
Musk Terrapin, K. odoratum. (Fig. 19.) 
e-2 Plastron, covering the soft parts when closed. 


f-2 Head spotted with yellow. 
Mud Box Terrapin, K. subrubrum. (I‘ig. 18.) 


d-2 Plastron with 12 horny plates; margin of carapace flaring outward. 


Sliders, Pond, Wood and Box Terrapins, T'estudinidae. 
e-1 Plastron without hinge, immovably joined to carapace. 
f-1 Carapace usually keeled. 


g-1 Size small; mostly under 6 inches long; keel often indistinct. 


Wood Terrapins, Clemmys. 


h-1 Carapace with small yellow spots on a black background. 
Spotted Terrapin, C. guttata. (Hig. 17.) 
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h-2 Carapace with deep concentric grooves in each plate and 


serrated behind. 
Sculptured Terrapin, C. insculpta. (Tig. 16.) 


h-3 Head with a large orange or yellow spot on each side. 
Muhlenberg’s Terrapin, C. muhlenbergi. (Fig. 15.) 


g-2 Size moderate, carapace over 6 inches long. 


h-1 Salt marsh terrapins; plates with growth lines. 
Diamond-back Terrapin. Malaclemys. 


i-1 Shell rough, carapace dark olive in color. 


Diamond-back. M. centrata concentrica. (Fig. 14.) 


h-2 Plates nearly smooth. 
Map Terrapin. Graptemys. 


i-1 Carapace depressed and with a keel; lower jaw notched 


at tip. Triangular yellow spot back of eye. 
Map Terrapin. G. geographica. (Fig. 13.) 
f-2 Carapace not keeled, smooth. (See also C. guttata.) 


g-1 Carapace smooth, with rounded margin; size small. 


h-1 Carapace with red markings on marginal shields. 


Slider Terrapins, Chrysemys. 


i-1 Plastron immaculate yellow. 
Eastern Painted Terrapin, C. picta. (Vig. 12.) 


i-2 Plastron with blackish oval patch on yellow. 


Western Painted Terrapin, C. marginata. (Fig. 11.) 


g-2 Carapace with serrated hinder margin. 


Slider Terrapin, Pseudemys. 


h-1 Plastron red; lower and upper jaws serrated. 
Red-bellied Terrapin, P. rubriventris. (Fig. 10.) 


e-2 Plastron with hinge across the middle, enabling the animal to close its shell. 


Body arched; plastron rounded behind; upper jaw hooked in front. 
Box Terrapin, Terrapene carolina. (Fig. 9.) 
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c-2 Tail very long, with top row of horny scales; plastron small, cross-shaped. Head 
covered with soft skin. Carapace with 3 blunt keels. Large head. 
Snapping Terrapins, Chelydra serpentina. (Hig. 8.) 
b-2 Shell not covered with horny plates, but with a leathery skin. 
Soft-shell Terrapins, T'rionychidae. 
c-1 Fore part of carapace smooth; body brown in color, irregularly blotched. 
Soft-shell Terrapin, Amyda mutica. (Fig. 7.) : 
c-2 Fore part of carapace with conical spines; body olive-brown, with numerous dark 


round spots, each margined with black. | 
Spiny Soft-shell Terrapin, Amyda spinifer. (Tig. 6.) 
a-2 MARINE TURTLES, TURTLES: pelagic turtles found in the Atlantic Ocean along our 


coasts and occasionally entering our harbors; limbs in the form of flippers; size very large. 


b-1 Shell covered with horny plates. 
Sea Turtles, Chelonidae. 


c-1 Four costal plates on each side of the carapace. 


d-1 Plates of carapace imbricated. | 
Hawkbill Turtle (Tortoise Shell Turtle), Eretmochelys imbricata. (Vig. 5.) 


d-2 Plates of carapace not imbricated. Body olive or brown above and splashed 
with yellow. 
Green Turtle, Chelonia mydas. (Tig. 4.) 


c-2 Five costal plates on each side. 


d-1 Body brown above, yellowish below; feet with two claws each. 
Loggerhead Turtle, Caretta caretta. (Fig. 3.) 


d-2 Body a uniform dusky brown; similar to C. caretta, but with ridges on the 
crushing surfaces of the jaws under the horny sheaths. 
Kemp’s Bastard Turtle, Caretta kempi. (Hig. 2.) 


b-2 Shell covered with a smooth leathery skin; carapace with 7 longitudinal ridges. 


c-1 Color dark brown to black; weight often over 700 pounds. 
Trunk-back Turtle, Dermochelys coriacea. (Fig. 1.) 


Names of Turtle Shields Used in Identification of Species 


Drawn from a typical species, the Western Painted Terrapin, Chrysemys marginata. 


Note :—All measurements are taken along the straight line of the carapace 
or plastron. Size records given for each turtle are approximate. 


CARAPACE PLASTRON 
Key : (Vn G—gular shields 
N—nuchal shield Pomme H—humeral shields 
C—costal shields P—pectoral shields 
V—vertebral shields pee Ab—abdominal shields 


M—marginal shields 


F—femoral shields 
ais An—-anal shields 
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Tue Trunk-sack Turtir, Dermochelys cori- 
acea (Linne), Fig. 1. This species occurs infre- 
quently on our coasts and is the largest known 
to man in recent times, reliable records of weight 
being in excess of 1500 pounds. However, the 
average weight ranges from 700 to 900 pounds. 
It is unique among turtles in that neither the 
ribs nor the vertebrae are united to the cara- 
pace but are free within it. As seen from the 
key, this species is distinguished from all other 
marine turtles by the absence of horny plates, 
being covered with a tough leathery skin; thus 
it bears the same relation to the sea turtles that 
the soft-shell terrapins bear the other terrapins. 

The trunk-back turtle, so named because of 
the seven ridges that give it that appearance, 
is of mythological interest. Sir John Hawkins, 
an eminent musicologist of the early nineteenth 
century, mentions a story of Homer in his 
“Harmonia Manualis”: 

ihe Wyre is the prototypesot the ndicinal= or; 

stringed species of instruments and is said to 

have been invented about the year of the World 

2000 by Mercury, who, finding on the bank of 

the river Nile a shell-fish of the tortoise kind, 

which an inundation of the river had left there, 
and observing that the flesh was already con- 
sumed, he took up the back-shell, and, hollowing 
it, applied strings to it. 
Statues of Mercury often show the seven stringed 
shell mentioned by Homer and if they be of 
Greek origin, not only are seven strings shown 
but the hollow reverberating surface of the 
shell (the inner carapace) is molded so as to 
present seven distinct ridges. 

Size and Color: Museum specimens have an 
average measurement of six feet from tip of 
snout to end of tail. The color of the body 
is a uniform dark brown occasionally spotted 
with yellow. 

Habits and Economic Use: Little or nothing 
is known concerning the life of this pelagic 
form. Occasionally adult specimens are caught 
but it is not known where breeding takes place 
or what parts of the ocean are most favored 
for feeding. From the appearance of the very 
heavy notched jaws it has been assumed that 
its appetite is omnivorous. Its flesh is not used 
for food but Dr. Hornaday says that a pint of 
oil can be extracted from every square foot of 
the thick blubber-like coating overlying the bony 
carapace. 

_ Kemp’s Bastarp Turtite, Caretta kempi 
(Garman), Fig. 2. The bastard sea turtle is so 
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it bears a resemblance inter- 
mediate to the green and to the loggerhead 
turtles. Many interesting but unrecordable tales 
are told concerning the origin of this species. 
It has no outstanding features inasmuch as its 
habits are like those of other sea turtles and 
its flesh is not valued. 


named because 


Size and Color: Specimens taken in Lower 
New York Bay by the Sea Horse, the collecting 
boat of the New York Aquarium, measure from 
a foot and a half to two feet in length. The 
carapace is a uniform, dusky brown and the 
plastron is a whitish yellow. It is differentiated 
from the loggerhead turtle in that the crushing 
surfaces of the jaws under the horny knife-like 
sheathes are ridged. 

Habits and Economic Use: For habits see 
accounts on green and loggerhead turtles. So 
far no commercial use has been found for the 
Bastard Turtle. 

Tue LoagecerHEeap TurtTLe, Caretta caretta » 
(inne), Mice 3) Einctonextto Kemps turtle, 
is the commonest of the sea turtles and is fre- 
quently found off our coasts and entering our 
harbors. Its flesh is coarser than that of the 
green turtle and consequently is less sought 
after. It is, as its name implies, provided with 
a large head which serves to distinguish it from 
Kemp’s and the green turtle. Pausanius con- 
fused it with the trunk-back or lyre turtle as he 


wrote: 
On Mount Parthenon in Arcadia, the Gods con- 
serve the great turtles as sacred animals and only 
kill them when they need a shell which they find 
necessary in the construction of their lutes. The 
animals are guarded over by the god Pan. 


Another ancient writer, Corvilio Polio, credits 
himself with the invention of encrusting objects 
with the shell of the hawkbill turtle and know- 
ing: | 
. that the lens of the Loggerhead’s eyes was 
valuable as a stone to mount in gold and use as a 


necklace that was much in demand by the rich 
Etruscan women. 


Pliny who compiled Aristotle’s observations on 
the breeding of sea turtles gives a number of 
aecipes that he considers useful and that can 
be made from the several parts of the logger- 
head. 

Size and Color: Length of carapace usually 
over three feet. Specimens of this size weigh 
over two hundred pounds. The body is light 
brown above and yellow below. 


Habits and Economic Use: The breeding 
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Fig. 1. Trunk-back Turtle, Dermochelys coriacea. Among the larger denizens of the deep the trunk-back 

turtle finds a place at par with dolphins, porpoises and sharks, being protected from their attacks by a 

hard, leathery shield and aided in locomotion by powerful swimming organs, flipper-shaped limbs. The 

photographs illustrate the gigantic proportions of this marine monster. In life this specimen measured 

over seven feet and weighed nearly half a ton. The species is little known in the annals of natural 
history, although it is the largest turtle of recent times. 
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Fig. 2. Kemp’s Bastard Turtle, Caretta kempi. This turtle was long considered to be the hybrid offspring 

of the loggerhead and hawkbill sea turtles. An allegation of this sort led to the appellative of illegiti- 

mate in the naming of what has been found to be a valid species. Individuals seldom exceed a length 

of two feet and specimens of that size weigh about fifteen pounds. Breeding occurs on the coast of 

Georgia during July with hatching taking place the following November. The Gulf Stream carries many 

of these turtles to our northern shores every summer. It is the species most commonly found in 
New York waters. 
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Fig. 38. Loggerhead Turtle and Young, Caretta 
caretta. The loggerhead is carnivorous and little 
esteemed for food. However, in many parts of the 
tropics its eggs are sought after and prized as a 
delicacy. The young loggerheads shown above differ 
from adult specimens in that their plates are imbri- 
cated and dark brown or blackish in color. Full 
grown specimens have a smooth carapace, a rich 
brown in tone, while the plastron is a clear yellow. 
Such individuals. weigh about one hundred and 
twenty-five pounds and seldom exceed five feet in 
length. Considerable interest centers around the 
shield variations of this species. There takes place, 
during the lifetime of many individuals, a numerical 
reduction of the many small horny plates which, 
gradually becoming larger, afford the turtle a strong 
protective armor-like plating. 
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Fig. 4. Green Turtle, Chelonia mydas. This is the edible turtle valued the world round for its tender 
and succulent flesh. It has been hunted with such persistence that it is rapidly becoming extinct and 
another hundred years will find it relegated to museum storerooms and books dealing with recently 
extinct animals. The top view gives some idea of the size and bulk of the creature, while the bottom 
illustration depicts the underparts of this valuable marine reptile. These turtles are shipped to the 
New York markets from West Indian and Central American ports, while Europe receives her share from 
the shores of West Africa and Ascension Island, which is a famous center for the commercial operation 
of turtle fishing. 
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Fig. 5. Hawkbill Turtle, Hretmochelys imbricata. The tortoise-shell turtle, prized for many thousands of 
years, is represented in the upper and lower views. The over-lapping plates of the upper shell make 
the better grades of the tortoise-shell of commerce, while the clear and less clouded shields of the 
ventral surface are used as filler and where an inferior product can be substituted. Like other sea 
turtles the hawkbill has a remarkable homing instinct; females return to the same beaches year after 
year at breeding time. The Florida Keys were once considered the finest fishery in the world for this 
species, but over-fishing has resulted in the collapse of the industry. A small quantity of shell is still 
imported from Cuba and Colombia and prices for articles made or encrusted with it are prohibitive 
in price. 
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Fig. 6. Spiny Soft-shelled Terrapin, Amyda spinifer. Dorsal and ventral views of one of nature’s 

anomalies—a terrapin without a shell. Like a somewhat related form, the trunk-back turtle, the 

spiny soft-shell terrapin is devoid of bony shields; even its jaws are sheathed in a fleshy covering. The 

under-lying bony structure with sparsely developed and widely separated parts in no way resembles 

the highly organized and closely knit skeleton of other chelonians. Caution must be observed in 
handling soft-shells. 
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Fig. 7. Soft-shell Terrapin, A4myda mutica. Upper view of a soft-shell terrapin found through western 
New York State and Pennsylvania in the tributaries of the St. Lawrence River and in the Erie Canal. 
Like the spiny soft-shell, this species is both voracious in appetite and vicious in manner of attack. 


Radiographs of the Box Terrapin, Terrapene carolina. The radiograph on the left of the page is an 
anterior-posterior exposure showing the extended limbs and head, as well as the pectoral and pelvic 
girdles reminiscent of human shoulder and hip bones. The other view, with head and neck retracted, 
illustrates the remarkable protection afforded by the bony shell. This shell is made up of ribs fused 
together. The center longitudinal line of the picture represents the back bone; the little bones, issuing 
at regular intervals from each side of the vetebral segments, are the beginning of the ribs. These 
ribs fuse together to form the bony, box-like covering of the animal. Radiographs taken at the 
Broad Street Hospital through the courtesy of Drs. Nahon and La Corte. 
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The snapping terrapin is by far the most powerful 
The photograph of its ventral surface shows the 
For this photograph, the terrapin was held 
Snappers are best in the soup pot, as 


they wreak havoc in many ponds and streams where water-fowl and game fish abide. 


Fig. 8. Snapping Terrapin, Chelydra serpentina. 
and dangerous creature treated upon in this article. 
only manner in which this species may be safely handled. 
by the tail and extended away from the body of its captor. 
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DISTRIBUTION OF TURTLES FO 


Attention is called to the figures of turtles bordering the map of the north-eastern coastal plain. 
Kach turtles figured is named and numbered; the number corresponding to its location on the map 
shown and to the following explanatory notes. 

Turtles 1 to 5 inclusive are taken from the coastal states only. as they are Sea Turtles. 

The following turtles appear in equal abundance over the entire area shown on the map:—6, 8 
®, NO, 145 18, 16, i775 is, symcl 1, 

The distribution of the foregoing species is widespread. 


N. B.The turtles shown are not reproduced in 
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Key to THE DISTRIBUTION OF THE TURTLES 
Anp TERRAPINS 


-—number refers to name of species and locality where it 
is found. 


1 Trunk-back 7 Soft Shell 14 Diamond-back 


2 Kemp’s Bastard 8 Snapping 15 Muhlenberg’s 
3 Loggerhead 9 Box 16 Sculptured 
4 Green 10 Red-bellied 17 Spotted 
5 Hawkbill 11 Western Painted 18 Mud Box 
6 Spiny Soft-shell 12 Eastern Painted 19 Musk 
13 Map 


THE NORTH-EASTERN STATES 


The following turtles do not occur in Maryland or Delaware:—6, 11, 18 and 15. Delaware also 
is lacking in number 7. 

Number 11 is restricted to northern New Jersey, western Pennsylvania and western New York, 
while number 7 is found on the western border of Pennsylvania and New York. 

Number 14 is peculiar to salt marshes and occurs in favorable parts of the coast. 
and northern New Jersey. 

Number 15 is confined to southern Rhode Island, south-eastern New York, eastern Pennsylvania 


merely serve as a key for general identification. 
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Fig. 10. Red-bellied Terrapin, Pseudemys rubriventris. When seen in its natural state, the red-bellied 

terrapin forms a most attractive spot of rapidly moving form and color amidst the green pond vegetation 

and clear running water. In the ponds about Plymouth, Massachusetts, it is still common and is 
used by the natives as an article of food. 


Fig. 11. Western Painted Terrapin, Chrysemys marginata. The palm for beauty is surely awarded to 

the painted terrapins. Their vividly contrasting colors set them apart from all other terrapins. The 

marginal shields are delicately splashed with red, while the plastron is a golden yellow, sharply defined 

from the deep brown olivaceous color of the carapace. In the western species the plastron is marked 

with a dark ovoid patch and the carapace has a pattern outline, as shown in the drawing following the 
key to identification. Photograph by Dr. R. L. Ditmars. 


148 


18} Of IG, dy 1D NY 


September-October, 1931 


Fig. 12. 


the photograph, by a plastron of immaculate yellow. 
Specimens can be seen in almost every pond and lake of the Atlantic 


monly found in this locality. 


Eastern Painted Terrapin, Chrysemys picta. 
the westerly portions of the terrain under consideration but differentiated from it, as may be seen in 


A species closely allied to the form found in 


This painted terrapin is the species most com- 


coastal plain and are familiar to anyone who has occasion to be in the country. 


and feeding habits of the species are similar 
to those of the green turtle. Many observations 
have been made of the loggerhead as it lays 
its eggs along the coasts of Florida, Georgia, 
the Carolinas and sometimes as far north as 
Virginia. The loggerhead is a strong swimmer 
carrying its fore flippers well elevated, in a man- 
ner simulating the wings of a bird. Its flesh 
is often substituted for that of the green turtle. 


Ditmars says of its habits ashore: 


To discover one of these sea monsters on the 
beach is to experience a certain feeling of awe. 
The great, floundering brute, in the fulfillment 
of parental duties, is practically at man’s mercy, 
yet clumsily alert. It suddenly exhales the breath 
with a deep, roaring sound, while the bleary, 
seal-like eyes stare in a seemingly vacant fashion. — 
If a big conch shell is shoved within reach of the 
jaws, it is seized and crushed in a single grasp. 
Turned on its back, the giant is helpless. If not 
hindered it makes for the sea, causing a great 
commotion in reaching the water, as it flounders 
for sufficient depth where it may find purchase 
for the paddle-like fins. 


THE Green Tortie, Chelonia mydas (Linne), 
Fig. 4. The Green Turtle is valued for its 
succulent flesh, being the delight of epicures and 
the substance of green turtle soup and turtle 
steak. Specimens brought to market from West 


Indian and Florida waters weigh about fifty 
The species 
is found in all warm seas and is carried to our 
coasts by the Gulf Stream, a warm body of 
moving water that is responsible for the oc- 
currence of many tropical forms taken along 
northern shores. 


pounds and command fancy prices. 


Size and Color: The decimation in recent 
years of this species so highly prized for its 
flesh has resulted in a decrease of the figures 
given for size and weight. Six foot specimens 
were common in the past but today the average 
leneth is about three teet. «Lhe body, 1s olive 
brown above and mottled with yellow. The 
plastron is yellow. 


Habits and Economic Use: During the course 
of the breeding season (April to June in the 
Bahamas) the female turtle crawls out on the 
sand above tide line and digs a hole about two 
feet deep, using her hind flippers as scoops. 
She lays between one hundred to two hundred 
eggs which are carefully arranged in the nest. 
She then smooths the loose sand over the hole 
and so skillfully levels the beach surface that 
no trace of the nest can be seen. ‘The nest is 
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Fig. 18. Map Terrapin, Graptemys geographica. Evenly distributed over the entire area considered in 

this article, this attractively figured terrapin passes in pet shops as the ‘‘Japanese Turtle.’ In its 

natural habitat it prefers shallow soft-bottomed ponds, but if fed on raw beef (not ant eggs) and 

kept in a warm, moist terrarium with some water for swimming and drinking purposes. It will attain 

a size of half a foot or more at maturity. It seems unable, like all fresh-water terrapins, to eat 
unless under water. Like the red-bellied terrapin, it is edible. 
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Fig. 14a. Diamond-back Terrapin, male and female. A marked difference in the size of the sexes is 
shown in this view. The male is much smaller than the female and consequently less valuable as food. 
Commercial hatcheries are acquainted with this fact and achieve good results by placing one male with 
every fifteen female terrapins. Fig. 14b. Diamond-back Terrapin on nest. The females shown are 
engaged in depositing their eggs in the loose and moist sandy beds provided for egg laying. Fig. 14c. 
Diamond-back Terrapin eggs. An uncovered egg clutch laid by one female terrapin at the Bureau of 
Fisheries hatchery. Fig. 14d. Diamond-back Terrapin pens at Beaufort, North Carolina. The terrapin 


pens are shown at high tide. The beds of sand are banked so as to make laying spaces as well as 

pools in which food is eaten and where the terrapins ‘crawl’ for the best part of the time. The 

change in tide either floods part of the crawls with clean sea water or drains off the accumulated filth 
depending on whether the tide is high or low. 


bo 


3 wie cscs es ml ON September-October, 1931 


Fig. 15. Muhlenberg’s Terrapin, Clemmys muhlenbergi. A rare and_ exotically marked wood terrapin 

peculiar to sphagnum swamps of southeastern New York, northern New Jersey and eastern Pennsyl- 

vania. A few specimens have been reported from Rhode Island. Land reclamation has laid toll to 

these creatures as in the case of the diamond-back. The brightly colored orange patches on the side 

of the neck at once distinguish this species from all others. Photograph made in the New York 
Aquarium by the late Leonard B. Spencer. 


Fig. 16. Sculptured Terrapin, Clemmys insculpta. An upland wood terrapin noted for its remarkable 

tameness as well as its edible qualities. State legislation in New York and New Jersey protect the 

species from molestation and help to insure its existence. Experiments in turtle trailing at the 

Wyanokie Zoological Station of the New York Zoological Society tend to demonstrate its well-developed 
sense of direction. 
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This intimate photographic study depicts the remarkable tameness of the sculptured terrapin. Head 
Keeper Toomey’s daughter is shown feeding a banana to her pet. 


Fig. 17. Spotted Terrapin, Clemmys guttata. Closely allied to the Muhlenberg and sculptured wood 

terrapins this species exhibits no special characteristics. The bright vellow spots appearing on each 

black dorsal shield render it both conspicuous and pleasing to the eye of the observer. It feeds on 

frogs, toads, insects and dead fish. The wood terrapins are less aquatic in habit than the slider 
forms: painted, red-bellied and map terrapins indicating a semi-aquatic mode of life. 
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Fig. 18. Mud Box Terrapin, Kinosternon subrubrum. Well shielded above and double-hinged below, 

this mud terrapin is further protected by the possession of musk glands that exude a strong fetid odor 

when the animal is handled or pursued. The species is notable among reptiles in that the males have 

a sound-producing mechanism which they use to attract females during the mating season. By means 
of horny scales on the hinder limbs, stridulating sounds like the chirp of crickets are produced. 


Fig. 19. Musk Terrapin, Kinosternon oderatum. As in the preceding species this terrapin is armed 

with a defense mechanism in the form of scent glands. It has been suggested that this odor may be 

used at the pairing season in much the same manner as crocodilians, who leave a scented wake through 

the water in order to attract members of the opposite sex. The musk terrapin is choleric of disposition 

and resembles the snapper in its manner of darting out an angry pair of snapping jaws in the direction 
of its captor. It inhabits the bottoms of muddy ponds and swamps. 
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not revisited, the eggs being incubated by the 
sun’s warm rays. The young turtles have an 
egg tooth, a hook-like protuberance on _ their 
upper beak which enables them to break through 
the shell; and then digging their way out of the 
sand, they make for the water. However, sea 
birds are on the alert for these delicate morsels 
and only about thirty per cent of the turtles 
Fish- 


ermen prey upon the nests and remove the 


hatched have a chance to reach maturity. 


eggs which are sold for attractive figures, two 
dollars a pound being the current price at Key 
West, Florida. In the Pacific, off the coast 
of Panama, I have observed great numbers of 
these turtles feeding on patches of sea-weed. 
(Zostera 
marina) and small crustaceans form the prin- 
cipal diet. The meat is prized the world over 
and a fine cosmetic oil is produced from the eggs. 

THe Hawxksitt Tourrir, Lretmochelys im- 
The hawkbill turtle is 
the species that yields the valuable tortoise shell 
of commerce. This turtle has been pursued for 
hundreds of years and today it is a rare species 
with the price of articles made from the horny 
plates of its shell ranging from twenty-five to 
twenty-five hundred dollars. Craftsmen from 
before the time of Cellini to the present day 
have utilized this shell to produce articles rang- 
ing in size from the bath tub of the Emperor 
Nero to the expensive little cigarette case so 
valued by this generation. 

Size and Color: 
length. 


Marine plants such as _ turtle-grass 


bricata (Linne), Fig. 5. 


Seldom over two feet in 
Body brown mottled with yellow above, 
and with clear yellow. beneath. 

Habits and Economic Use: Its feeding and 
breeding habits are similar to the green and 
loggerhead turtles. It is rare along our coasts, 
occurring only in mid-summer. The turtle is 
chiefly sought for the plates of the carapace, 
called “tortoise shell,’ which is much thicker, 
stronger, and deeply clouded with richer colors 
than those of any other species. On the south 
coast of Cuba I have observed fishermen catch- 
ing these turtles with the remora or sucking-fish 
(Echeneis naucrates) to the tails of which they 
attach a line; the fish are thrown in the direction 
of the basking turtle, and seize on to its shell 
with their sucking-disc. The fishermen then 
pull up their turtle capture. The turtles are 
killed and left to rot on the open beach. When 
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decomposition has set in sufficiently to loosen 
the epidermal plates, these are removed and 
immersed in vats of boiling water. This softens 
the shell and renders it workable. It is then 
cleaned and placed into steam molds which 
shape it into commercial forms. In the East 
Indies the cruel practice of immersing the live 
turtles in vats of boiling water or holding them 
over slow fires until their plates are loosened 
is trequently recorded. The meat is of no 
value, having a disagreeable taste and odor. 

Tue Spiny Sorr-sHELL Terrapin, Amyda 
spinifer (Le Sueur), Fig. 6. This fresh-water 
terrapin occurring along the shores of Lake 
Champlain and southward except in Delaware; 
with its related species, the soft-shell terrapin, 
A. mutica, is distinct from all chelonians in that 
its powerful jaws are covered with fleshy lips 
instead of the usual horny-sheath. A leathery 
skin covers the shell, no horny plates being 
present. The species is fairly common although 
its flesh has a market value. It has a fierce 
disposition and feeds in much the same manner 
as the snapping terrapin. The soft-shelled ter- 
rapin can remain under water for several hours 
as they have true aquatic respiration, taking 
water into their mouths and expelling it about 
fourteen times a minute. 

Size, Color and Sex: Carapace fourteen inches 
long. Female wider than male in front on for- 
ward edge of carapace with the spiny tubercles 
larger than those found on male. The plastron 
is clear white. The tubercles distinguish it from 
the soft-shell terrapin, Ad. mutica. 

THe Sort-sHeELL, Terrapin, Amyda mutica 
(Le Sueur), Fig. 7. A species closely resembling 
the spiny soft-shell terrapin in habits and ap- 
pearance. It occurs in the western part of 
Pennsylvania along Lake Erie and may possibly 
be found near Niagara Falls, New York. It is 
not as common as the foregoing species and less 
definite information is known about its habitat. 

Size, Color and Sex: Carapace six and one- 
half inches long, the comparative width of the 
anterior portion determines sex as in A. spini- 
fer, the spiny soft-shell terrapin. The carapace 
is a uniform dull brown and is sometimes 
blotched. The carapace of the former species 
has many round dark spots margined with black, 
while this species is only found spotted in very 
young specimens. Locality alone should serve 
to distinguish the species from each other and 
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the presence of tubercles indicates the spiny 
soft-shell invariably. 

THe Snapping Terrapin, Chelydra serpen- 
tina (Linne), Fig. 8. With the exception of the 
sea turtles the snapping terrapin is one of the 
largest species in the United States.* It is evenly 
distributed over the entire region of eleven states 
and is considered a pest for it lives on fish, 
water-fowl, and small mammals thus becoming 
fair prey of keepers and wardens of game pre- 
serves and wild life reservations. It is ferocious 
in its way of securing food and voracious in its 
appetite. 

Size and Color: Over two feet long from 
the tip of its dangerous head to the end of its 
thick, horny tail. The carapace measures a foot 
and a half. Specimens of this size weigh thirty 
pounds or more. Body color black with greyish 
mottled skin parts. 

Habits and Economic Use: Usually found in 
shallow ponds or along banks of small streams 
and rivers resting on the bottom and carefully 
eyeing the surrounding locality. When a water- 
bird or fish passes near it will shoot its head 
up with lightning-like rapidity, seizing the crea- 
ture in its heavy jaws and dragging it to the 
bottom. Here a few well inflicted bites finish 
off the coveted prey and then it begins to tear 
apart the carcass, devouring it in a short time. 
Medium sized specimens are capable of severely 
injuring a man’s hand and great care must be 
Grab it by 
the horny tail and hold it extended at arms 
length, lest it reach out with its long retractile 
neck and seize part of the body or clothing of 
its captor. ‘The meat is sold and furnishes the 
Some old 
hostelries of that city still raise the turtle flag 
with the snapper shown against a white back- 
ground, when terrapin is being served. This 
custom dates back to the early years of our 
country. 


exercised in handling the terrapin. 


famous Philadelphia snapper soup. 


THE carolina 
Linne), Fig. 9. This species, sometimes called 
» BIg p 


the Box Tortoise, exhibits considerable indivi- 


Box Terrapin, TJ erravene 
Ss) 


dual variation in shape and color and is common. 


throughout the Eastern states. It prefers the 
seclusion of open wooded country near small 


streams but, in its desire to get to better food 
This is 
attaining a 


* A larger species occurs in the southerly states. 
the alligator snapper, Macrochelys lacertina, 
weight of 125 Ibs. 
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territory or to find a mate, it also frequents 
roads and is often run down by careless motor- 
ists. 

The box terrapin appears to represent a 
transitional state between terrapins and_ tor- 
toises. ‘The high-domed shell suggests a tor- 
toise and this thought is reinforced by the club 
shaped or elephantine limbs that are peculiar 
to tortoises. On the other hand it is often 
found in the water and, unlike true tortoises, is 
a good swimmer, observations having been re- 
The digits 
have a small web and tend to spread apart as 
in terrapins; in tortoises the digits are bound 
closely together. 


corded of its swimming streams. 


Size, Color and Sex: J'ull grown specimens 
measure up to seven inches along the middle 
line of the plastron and for this size are usually 
Their colors are made 
up of a lemon-yellow or orange background 
splashed with black markings on each shield 
of their shell. 


about four inches wide. 


The skin is an orange or yellow 
hue, this hue corresponding to the color of 
their shell. Many males have bright red eyes; 
females sometimes have reddish eyes but these 
are invariably mottled with black or brown 
shades. Sex is primarily determined by the 
rather hollow or concave plastron of the males 
which differs from the flat, plane-surfaced plas- 
tron of the female. 

Habits: Often found nibbling the edges of 
umbrella-like mushrooms and sometimes eating 
slugs and dead fish that have been washed up 
on the bank of 
prized as 


a stream. This terrapin is 
a household pet and with some 
patience will respond to anyone who fancies it 
for domestic purposes. It is quite tame and 
has never been known to bite. A bowl of water, 
some lettuce leaves or raw vegetables daily, bits 
of fresh raw meat twice a week, and the turtle 
is quite at home. In captivity it seeks cool 
dark corners in summer and warm radiators in 
winter. Its movements are usually restricted 
to regular trips in search of its food. I have 
kept several specimens alive in my apartment 
for periods of two and three years during which 
time they exhibited every sign of good health, 

Rep-BeLuiep ‘Terrapin, Pseudemys rubriven- 
tris (Le Conte), Fig. 10. Next to the snapping 
terrapin this is the largest terrapin found from 
Cape Cod to Cape Henry. In New England 
this aquatic species is restricted to ponds near 
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Plymouth, Massachussetts, living in fairly deep 
water and exhibiting strong swimming powers. 
Size, Color and Sex: Carapace twelve inches 
long by seven inches wide. Carapace brown- 
ish, streaked or blotched with red. The red 
plastron and flesh parts accounts for its specific 
name, rubriventris. Sex is readily determined 
by the long thin nails on the fore feet of males 
and the short stubby nails of the females; other 
dimorphic factors are present but to a lesser ex- 
ENOL 
Habits 
shy and very active when escaping or disturbed. 
Hibernation lasts from October to early April 
Food snails, 
tadpoles, crayfish and water plants. The eggs 
are laid in June in clutches about five inches 


and Economic Use: The species is 


in Massachusetts. consists of 


wide which are excavated by the tail. A sepa- 
rave Jlole 1s made. torecacly coo and stiienmtine 
whole clutch is covered and smoothed over so as 
to safeguard the eggs from crows and muskrats. 
This species, often called Slider ranks second to 
the diamond-back in food flavor. 

Western Parntep Terrapin, Chrysemys mar- 
ginata (Agassiz), Fig. 11. This species is like 
the Eastern painted terrapin in habits, but is 
not as widely distributed being found in the 
western part of Pennsylvania and New York 
and a strageler into northern New Jersey where 
it was found at the Wyanokie Zoological Sta- 
tion (Haskell, N. J.) in the summer of 1928. 

Size, Color and Sex: Size same as the species 
that follows, the eastern painted terrapin. 
Colors same but for plastron which has a large 
blackish oval patch extending from the humeral 
to the femoral shields and occasionally en- 
croaching on the gular and anal shields. Sex 
determined as in the eastern species, C. picta. 

Eastern Patntep Terrapin, Chrysemys picta 
Schneider) hice?) 
familiar form to every boy and girl who plays 
near ponds or goes wading in brooks. 


This pond terrapin is a 


The crea- 
ture is always on the alert and slides from 
its bank or log the moment anything disturbs 
the peaceful quiet of the locality. This habit of 
sliding off into the water has undoubtedly given 
rise to the popular name Slider applied to all 
pond terrapins. Its occurrence is very common. 

Size, Color and Sex: Carapace five inches 
long by three and three-fourths inches wide. 
Black or deep olive above, each plate margined 
with vellow and throat striped with yellow. 
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The plastron is an immaculate Jemon-yellow. 
The marginal plates are “painted” with a bril- 
liant red; hence the name painted terrapin. The 
vertebral plates are nearly in the same line as 
the costals; in the western painted terrapin 
these plates alternate. Sex is determined as in 
the red-bellied terrapin. 

Mar Terrapin, Graptemys geographica (Le 
Sueu), en reali}. 
along the shores of Lake Champlain, in New 
York 
outlet in Lake Erie and was probably introduced 
in Bayside, New Jersey. 


The map terrapin is found 


and Pennsylvania rivers having their 


Size, Color and Sex: In large specimens the 
carapace measures nine and one-half inches. The 
color arrangement has given rise to its popular 
name, Map Terrapin. Carapace olive or brown, 
covered with thin reticulate green or yellow 
lines. The plastron is a pinkish-yellow in newly 
captured specimens. Sex again is determined 
as in the red-bellied terrapins. 

Habits and Keconomic Use: Food is swal- 
lowed under water, consisting of mollusks and 
crayfish. ‘The shape of the notched beaks adapts 
the terrapin for this type of hard shelled food. 
Like the red-bellied terrapin, it is used as a 
food substitute for the diamond-back, being less 
expensive as it is more abundant than other 
edible species. 

Dramonp-BacKk TERRAPIN, Malaclemys cen- 
inata =concentmca — watreille) i. Pic 11s: lie 
diamond-back species of this article ranges from 
Buzzards Bay in Massachussetts to Chesapeake 
Bay in Maryland. These terrapins inhabit the 
salt and brackish coastal marshes and were 
once very abundant. However, as its flesh is 
regarded as one of the greatest treats known to 
gourmands, the demand for them has resulted 
in overfishing and a marked decrease in their 
numbers has resulted. In 1923 the price for 
terrapins having a six inch plastron (average 
size) was $35.00 per dozen, while larger speci- 
mens commanded higher prices. This condition 
led the state of North Carolina to prohibit 
the taking of diamond-backs for a five-year 
period and the state in cooperation with the 
Bureau of Fisheries began experiments in an 
effort to save the species from extinction. At 
Beaufort, N. C., such work is carried on and 
the accompanying photographs taken by Mr. 
Pinney Schiffer, tell the story of terrapin cul- 


ture. The species is still very rare and every 
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effort must be made to foster measures to re- 
habilitate a terrapin so useful in man’s larder. 
Circular No. 60 of the Bureau of Fisheries 
Dept. of Commerce, should interest all persons 
desiring to learn more about the diamond-back. 

Size, Color and Sex: Plastron six to seven 
inches long. Shell rough with each plate show- 
ing deep concentric growth rings. Carapace 
dark-olive or greyish; plastron yellow. For sex 
factors see photographs facing Fig. 14. 

MvuLensere’s Terrapin, Clemmys muhlen- 
bergi (Schoepff), Fig. 15. This attractive ter- 
rapin is found near peat and sphagnum marshes. 
The gradual reclamation of these areas will 
doubtless result in the disappearance of the 
species for it does not seem to thrive when 
this ecological environment is changed. In New 
England it is found in one corner of Rhode 
Island and when it occurs in other states it only 
does so in widely separated localities. These 
gaps in distribution are accounted for by the 
isolated and widely scattered 
sphagnaceous swamps over the mass of the ter- 
rain. Its related forms, all members of the 
genus Clemmys, are usually found in the same 
places, although these species (the spotted and 
sculptured terrapins) appear in many states and 
under conditions adverse to Muhlenberg’s ter- 
rapin. In habits the group is a semi-aquatic 
one, their food embracing a variety of the 
smaller floral and faunal representatives. They 
are all harmless and seem to do well in cap- 
tivity. 

Size, Color and Sex: Specimens collected at 
the Wyanokie Station measured 
three and one-half inches along the carapace. 
The body is a uniform dark brown having a 
bright red or orange spot on the hinder portion 
of each side of the head. This marking identi- 
fies the terrapin at a moment’s glance. Con- 
cavity of the plastron, longer nails, and heavier 
tails set the males apart from members of the 
opposite sex. J*emales exhibit a plane plastron, 
short nails and short tails thickened at their 
bases. These factors apply to the other wood 
terrapins, the spotted and the sculptured ter- 
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rapins. 

Scutprurep TrerraPin, Clemmys insculpta 
(Le Conte), Fig. 16. The deeply chiseled mark- 
ings on the shell of the species serve as a guide 
in rendering the popular name in harmony 


with the specific one (insculpta). The terrapin 
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is eaten in many country places, the strawberry 
colored legs supplying the meat for a delicate 
preparation called “country turtle.” As in most 
terrapins, with the exception of the Box, mating 
takes place in or close to water; occurring in 
the spring with hibernation lasting from late 
fall through the long winter and into late April 
when the fertilized eggs are laid. The eggs 
hatch out during the same summer. It is an es- 
tablished fact that a female will return to the 
same nesting grounds year after year and will 
only seek another when local conditions make 
egg depositation absolutely impossible. 

Size, Color and Sex: A large species having 
The shell 
is a light brown, while the plastron beneath is 
blotched with black on every shield. The limbs 
and flesh parts are a bright orange while the 
head retains the general body color or is black 
on top and brown beneath. Sex as in Muhlen- 
berg’s terrapin. 

Srorrep Terrapin, C. guttata (Schneider), 
Fig. 17. This common species exhibits two dis- 
tinct phases in the form of its shell as it is found 
in both fresh and brackish water; the former 
habitat producing a smooth black shell while the 
latter results in a sculptured and rusty looking 
shell. The terrapin resembles the two former 
species in respect to locality and habits and is 
intermediate in size and form to the large 
sculptured terrapin and the small Muhlenberg 
terrapin. Bras 

Size, Color and Sex: Carapace four and one- 
fourth inches in length. Females smaller in 
size than the males with tails only half as long. 
The females, like the males, are covered with 
little yellow dots on each shield but have about 
15% more otf these dots and perhaps this renders 
them conspicuous in the pairing season. Other 
sex factors apply as in the examples given for 
the two foregoing wood terrapin. ) 

Mup Box Terrapin, Kinosternon subrubrum 
(Lacepede), Fig. 18. As seen from the generic 
name (Kinosternon) the species is related to the 
musk terrapin. (See account on musk terrapin). 
It has the same vicious habits and emits the 
same musky odor when handled and at mating. 
Its plastron, like that of the box terrapin, is 
hinged and when closed can cover all the fleshy 
parts. 

Size and Color: Carapace three and one-half 
inches long by two and one-fourth inches wide; 
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plastron three inches long by one and three- 
fourth inches wide; color dark brown with the 
same modifications as the musk terrapin. The 
plastron shows lines of annual growth as in 
many other terrapin. From the center of the 
original shield, one growth ring is added every 
year and by counting the rings on several 
shields and taking an average a figure will ap- 
pear that may be used to indicate the age of a 
specimen. In old individuals these rings are 
often eradicated by wear. 
Musk Terrapin, Kinosternon odoratum (La- 
treille), Fig. 19. The species inhabits small, 
sluggish streams and ponds. Like its related 
form, the mud-box terrapin, it emits a disagree- 
able musky odor from scent glands having their 


openings under the fore limbs. This heavy 
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and somewhat fetid scent serves to attract pros- 
pective mates and to repel other animals. 

Size and Color: The carapace averages three 
and one-half inches long by two and one-fourth 
inches wide; dark brown, striped or blotched 
with a deeper color but it is oftentimes covered 
with a fine green pond slime that renders these 
colors inconspicuous. 

Habits: In disposition its ferocity and ill 
temper resemble that of the snapping terrapin. 
This unpleasant creature feeds entirely on ani- 
mal food, stomach contents revealing fish, cray- 
fish, slugs, worms and insects to be its diet. 
Care should be exercised in handling specimens 
lest nasty bites be inflicted. The musk has 
never been utilized by perfumers, possibly being 
of an inferior quality. 


Author's Note: Mr. EK. R. Sanborn’s photographs and suggestions have greatly contributed to this issue, as 
well as the critical help of Mr. J. T. Nichols and Dr. R. L.. Ditmars. 
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RecionaL ADAPTIVE RADIATION 


Turtles so differ in structure and habits as to prevent competition. Radiating from their 
original home—the land,—to ponds, swamps, rivers and the sea; these four typical turtles have 
filled all available habitats of this region. Radial adaptation to regional environment is the factor 
of natural selection which has made for their survival. 


I—The highland-living Box ‘Terrapin exhib- 
its the ambulatory or terrestrial type of 
limb adaptation; with typical tortoise char- 
acteristics: a high and dome like shell, club. 
shaped limbs with stubby nails and a very 
short tail. The creature’s habitat is usually: 
high and dry land, which is said to be the 
original habitat of turtles. 


Ii—The pond-living Map Terrapin indicates 
an important transitional stage from terres- 
trial to amphibious life with a correspond- 
ing limb adaptation showing typical terra- 
pin characteristics: a depressed arched shell, 
webbing between the slender nails of the 
flat feet and a long tail which is useful as a 
rudder in swimming. The habitat is re- 
stricted te ponds and lakes. 


IiI—The river and swamp-living Spiny 
Soft-shell Terrapin shows the extreme of 
transition to aquatic life in that its limb 
adaptations are of the natatorial type while 
the completely flattened body, covered with 
a leathery skin and containing few bony 
structures, indicates high evolutionary de- 
velopment. The feet are completely webbed 
and palmate in shape. — 


IV—The marine-living Kemp's Turtle rep-_ 
resents the ultimate in adaptation to ervi- 
ronment. The fore limbs are fused into 
powerful swimming organs: paddle-like flip- 
pers; the body is beautifully stream-lined 
and so presents 4 minimum of resistance to 
the surrounding media (the water); while 
the hinder limbs, also paddle shaped, serve 
admirably as steering rudders during swim- 
ming. 
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Concerning the Shark 


Cuarues Haskins TowNnsEND 


Illustrations made from photographs taken in the New York Aquarium and various other sources as 
noted under the cuts. 


F the New York Aquarium did not exhibit 

living sharks, there would be fewer ques- 
tions for us to answer as to how dangerous they 
are. The sharks are still on view. If we may 
judge public interest in the future, by what it 
has been in the past, the present contribution on 
the subject should serve to increase the sale of 
the BuLiETin to visitors. 

There was a time when I was more or less 
skeptical about the shark as a man-eater but 
after several cruises in the tropics with the 
Albatross my views underwent a change. 

Our first observations on the shark were made 
one dark night off the Bahamas. The Albatross 
was sounding in the Gulf Stream and as was the 
custom when the ship was sounding on calm 
nights, insulated and hooded electric lights were 
suspended a foot or more in the water on each 
side of the vessel and a couple of yards clear 
of the side. With gauze dip-nets the naturalists 
on board could pick up many small forms of 
surface life attracted by the light and otherwise 
not readily obtainable. On this occasion a school 
of young flying fish, dazzled by the unusual 
illumination, remained near enough to be reached 


with the long-handled nets and many were se- 


cured. 

Someone having observed a shark, the sailors 
put over a heavy shark hook with chain and 
stout line attached, and in a few minutes the 


big fish was dragged on board and killed. After 
being examined by the naturalists and more or 
less hacked by the sailors, it was thrown over- 
board. In a short time the ship was surrounded 
by sharks, the submerged and shaded lights 
rendering them visible. The shark tackle was 
kept busy and in half an hour the sailors had 
hauled on board and killed nearly a dozen, 
when the officer of the watch objected on ac- 
count of the sanguinary mess on the deck. The 
sharks attracted by the bloody carcases grad- 
ually being thrown overboard provided an ex- 
hibition of how hungry sharks behave in the 
presence of an unexpected supply of food. Some- 
one said to Lieutenant Benson (now Rear Ad- 
miral) : “The water’s fine; let’s jump in.” “Jump 
in on he snapped, “I don’t want a bath 
ab-present. 

Sharks were usually around when the ship 
stopped for sounding or dredging in calm 
weather day or night and the sailors often caught 
them. They must be rather evenly distributed 
over the watery wastes for they soon appear in 
any warm sea when a vessel stops. At first 
there is a lone shark swinging carelessly about 
the ship, evincing no special interest in it. 
Other stragglers appear each taking his own 
leisurely course. The size of the company de- 
pends chiefly upon the. duration of the ship’s 
stay but it may be affected considerably by 
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Samples of shark leather. 


what the cook’s mate has been throwing into the 
galley chute. 
is usually followed by a rapid increase in num- 


The killing of one of the sharks 


bers, provided the evidences of its violent death 
have been washed off the deck into the sea. 

It is likely that sharks can detect the beat of 
a steamer’s screw at great distances but they 
gather as readily about a becalmed sailing ves- 
sel. The explanation probably is that the wan- 
dering selachians discover the more or less 
oily wake of the ship and follow it. We cut 
open the sharks killed from time to time to 
ascertain the nature of their food but discovered 
little more than such kitchen wastes as had 
been thrown overboard. ‘There is little in the 
way of galley refuse that sharks will not pick 
up. We found by dissection that they swallowed 
things indiscriminately; there were ham bones, 
mouldy bread, decayed oranges, greasy rags, oily 
cotton waste from the engine room, empty sar- 
dine tins, and parts of other sharks killed by the 


Black, brown and tan—smooth and shrunken. 


sailors. When sharks have been excited by a 
few mouthfuls of food, they will seize almost 
anything. A fourteen-foot shark in captivity at 
Honolulu, after being fed a large piece of meat, 
ive 
stomach of another large shark taken at Hono- 
lulu contained a horse’s leg with hoof and shoe, 


a gunny-sack, a tin can six inches square, one 


seized a box a foot square and crushed it. 


squid, a peck of turtle shell and various small 
articles. It is evident that some of the stuff 
so cheerfully swallowed is indigestible. 

When our deep-sea explorations had carried 
us among the islands of Eastern Polynesia we 
caught many kinds of sharks large and small. 
The sailors were always ready to amuse them- 
selves by dragging them on board for our ex- 
amination. As we became acquainted with the 
island traders and natives we learned that they 
regarded sharks as dangerous under certain con- 
ditions and were accordingly circumspect in 
dealing with them. After a couple of winters’ 
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canoes and capsized them 
with fatal results to the oc- 
cupants. A tragedy of the 
Ellice Islands 
to us at widely separated 
points in Polynesia. About 
forty natives, crossing in 
at night between 


was related 


canoes 
islands several miles apart, 
were caught in a squall. One 
of the canoes was swamped 
and the occupants were 
seized by sharks which had 
been following the fleet of 
boats and nipping the pad- 
dles. In a few minutes 


Shark fishing station at Djibouti, French Somali. 


Photograph from Capt. W. E. Young. 


work in tropical waters we came to realize the 
great abundance and ferocity of sharks and that 
danger from them was not confined to those of 
large size. Each group of islands had its tale 
of injuries or fatalities to human beings from 
small or large sharks. A shark not so large 
as a man can easily mutilate and pull down the 
helpless swimmer without having the size to 
carry him away bodily. 

The Polynesian has the same regard for the 
shark’s prowess that the African has for the 
lion and like the latter, does not fear to hunt 
and kill him when the conditions are favorable. 
The shark however, takes no such toll of human 
life as he cannot stalk his prey on land. The 
Polynesian is amphibious and in some parts of 
the South Seas will plunge down after a lone 
shark and kill it with a knife, but this exploit 
is not attempted with all kinds of sharks, nor 
indeed, by many natives. 

The attitude of the native toward the shark 
is different in the daytime from what it is at 
night; the shark has the advantage in the dark 
and is more aggressive. In some parts of the 
South Pacific where sharks are numerous, they 
are persistent in following boats and canoes at 
night, nipping at the oars and paddles and not 
infrequently at the light outriggers of the native 
canoes. Large sharks are especially dangerous 
at night and frequently tear heavy oars away 
from the hands of the rowers. There are many 
authentic cases in which they have seized the 
floating outriggers—used on all South Sea 


great numbers of maddened 

sharks were seizing paddles 
and outriggers, until all the canoes but one had 
been swamped and their occupants devoured. 
Two natives only escaped to describe the dis- 
aster. A similar account we got in the I'ijis 
where one of the large double sailing canoes 
was capsized well off shore and over twenty 
natives clinging to the wreck were pulled 


St. Lucia, West Indies. 


Jaws of white shark. 
Photograph from Capt. W. E. Young. 
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Hammerhead Shark (Sphyrna zygaena), torn by an- 
other shark while fast in net. Shark-leather Station. 
Photograph from Capt. W. E. Young. 


under by sharks only a few escaping. 

When in the Low Archipelago we found that 
the natives often swim and dive freely in the 
lagoons of certain atolls, when they would not 
think of doing so in the deep entrances to the 
atolls, where a big lone shark keeps watch. He 
can be seen about dusk and it’s best to visit him 
in the whaleboat. Natives will sometimes swim 
about anchorages or even 
batlice Near estne =deepm en 
trances to lagoons in the 
daytime, when they could 
not be persuaded to do so at 
night. Sharks are often so 
abundant about certain isl- 
ands, that a regular fishery 
is maintained for shark fins 
—always marketable in 
China. 

There are reefs here and 
there among the islands to 
which the natives resort for 
some of the larger food 
fishes and such places are 
usually infested with sharks 
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which cause great annoyance by following the 
canoes and seizing fishes that have been hooked. 
When a too persistent shark menaces the frail 
canoe it must be beaten off with paddles or 
fish spears. The native fishing on the more 
distant banks off shore will gladly avail him- 
self of the use of a good-sized dinghy or whale 
boat which has no outrigger to be seized by 
It is not by any means the 
Many 


an ugly shark. 
largest sharks that are most dangerous. 
small but active species move in schools and 
at times actually swarm about a canoe, not 
merely interfering with fish catching but en- 
dangering the light craft. 

Sharks have always been regarded as dis- 
tinctly dangerous in Australian waters where 
there are several large species. They were par- 
ticularly so at Sydney, where for a time butcher 
shop wastes were allowed to be thrown into the 
harbor. Swimmers about the docks were car- 
ried off by sharks on several occasions in the 
daytime. In the Solomon Islands the singular 
ferocity and boldness of the sharks are said to 
be due to the native custom of throwing dead 
bodies into the sea. Where the carrion is, there 
will the vultures be gathered together. At such 
times sharks come to eat and their temper is 
not misjudged by those who understand them. 

At Pepekeo, Hawaii, in 1907, a Japanese 
fisherman holding a net fell from his boat and 
persons on the cliff near by who could do nothing 
to help him saw him pulled under by a shark. 

On October 8, 1907, a Japanese fisherman at 
Kalepolepo, Island of Maui, while diving to take 


Shark boat, Venus, with shark gill-nets, Shark-leather Station, Virgin Islands. 
Photograph from Capt. W. E. Young. 
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Tiger Shark 
Porto Rico. 


(Isurus tigrinus), Shark-leather Station, 
Photograph from Capt. W. E. Young. 


fish from a net was seized by a shark which 
stripped the flesh from his arm. He was 
taken to the hospital at Wilku where the arm 
was amputated at the shoulder. 

On January 8, 1908, at Mana, Island of 
Kauai, a Japanese fisherman swam out to gather 
fish floating on the surface which: had been killed 
by dynamite. When warned of the presence of 
a shark, he swam frantically for the rocks but 
was seized and pulled under. As he disappeared 
in blood stained water, it was seen that he had 
his arms around the shark’s body. 

At Hilo, Hawaii, in 1910 two fishermen in 
a small boat were thrown into the water by a 
heavy sea. One reached a place of safety but 
the other was forced to cling to the rocks at 
the water line. Before he could be rescued a 
large shark carried him off. 

In March, 1914, a Japanese gathering shell- 
fish near Honomu, Hawaii, was observed to be 
engaged in a struggle of some kind. Before 
help could arrive two sharks had carried Is 
body beyond reach. 

It is unnecessary to continue the recital of 
the gruesome records in my note- and scrap- 
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book begun many years ago when we surveyed 
the Hawaiian cable route. The Albatross sound- 
ed every five miles along the 2000-mile track 
between San [F'rancisco and Honolulu. Livery 
stop lasted an hour and toward the southwest- 
ern end of the route there was plenty of oppor- 
tunity to get acquainted with sharks and put 
numbers of them out of business. Sailors like 
to torture sharks. We had to forbid such prac- 
tices as propping their jaws wide open with a 
stick, or cutting off their tails and then heaving 
them over alive but helpless. 


The customary question of the skeptical, “Did 


you ever see a man killed by a shark?” may 


properly be met with a similar one: “Did you 
ever see a man murdered?” In conversation 
there is generally some one to defend the shark. 
I usually say, “don’t care to bother with ama- 
heuer 

Natives in the Hawaiian Islands are cautious 
about venturing into deep water near steep 
cliffs and then seldom without a long bladed 
knife. The native surf-board riders disport 


themselves in waters where sharks are not often 


Mouth of tiger shark, with seven rows of teeth, num- 
bering 250 to 300, having cutting edges that shave like 


razor blades. Photograph from Capt. W. EK. Young. 
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Six-gilled Shark (Hexanchus corinus), coast of Washington. 
tive of a very large Hexanchus found in the North Atlantic. 


A. Pacific representa- 
Photographed on 


the U. S. S. Albatross. 


seen, the shallowness of the water and the dis- 
turbance made by the surf-board riders serving 
to keep the sharks at a distance, but accidents 
occur. 

We need not consider here the comparatively 
few instances of loss of life from these big 
fishes in northern waters. It is in the warmer 
seas where sharks of all kinds are more abun- 
dant that we find them a menace. And yet the 
tragedies are rare. Sharks do not likely suc- 
ceed in killing as many persons in a year in all 
Polynesia perhaps, as are killed by automobiles 
in any large American city in a single week. 

While cruising with the pearl divers of La 
Paz, I once put on the heavy diving suit and 
went down on a coral bank, but the promised 
sharks did not appear. The divers did not 
fear them, saying that the upward-leaping air 
bubbles from their helmets kept sharks away. 
They had however, a wholesome respect for the 
huge manta rays, always full of curiosity, whose 
broad wings had been known to hit their air 
and life lines almost jerking them off their feet. 

We refrain from quoting old-time published 
accounts of killings of human beings by sharks. 
They are to be found here and there, in the 


writings of the early missionaries in the South 
Seas, the early navigators and travellers. 

Certain additions to the above mentioned 
scrap-book during the past three or four years 
served to reawaken my interest in the shark as 
a man-killer. Several selected newspaper clip- 
pings were sent to naturalists in Hawaii, Aus- 
tralia and Porto Rico with requests for details 
if obtainable. ‘The director of the aquarium at 
Honolulu, the economic zoologist of the museum 
at Sydney and the director of the Bureau of 
Agriculture at San Juan, all responded to the 
effect that the killings by sharks all happened 
practically as reported in local papers: 

The letter from Mr. T. C. Roughley, Eco- 
nomic Zoologist of the Technological Museum, 
Syaneys, sunder. date) ot, October 23.) 192907 aic 
especially interesting: 

“... That we have sharks in Australian waters 
which are a menace to humans goes without say- 
ing, for scarcely does a summer pass without one 
Or Soverall weaves lneuies mecorcled 7 5 5 We 
usually regard the following species as prone to 
attack man: Whaler (Carcharhinus macrurus), 
Tiger Shark (Galeocerdo arcticus), Hammer- 
headed Shark (Sphyrna zygaena), Grey Nurse 
(Carcharius arenarius), Blue Pointer (lsurus 


glaucus), and the White Shark (Carcharodon 
carcharias). 
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Great Blue Shark (Prionac2 glauca). A plague to whalemen when ‘cutting in” 
whales. From a life-size model in the New York Aquarium. 


Sleeper Shark (Somniosus microcephalus), coast of Washington. A large northern 
shark inimical to whales. Reaches a length of twenty feet. A nuisance to 
northern whalemen. One of many sharks photographed on the U. S. S. Albatross. 
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Telegram, at the request of Mr. Roughley, wrote 
me under date of July 28, 1929, as follows: 


“Pretty well every Sydney beach has its shark 
tower and warning bell, and, moreover, all kinds 
of other devices are tried from time to time. 
The death-roll is not large by comparison (shall 
we say) with motor mishaps, but the helpless- 
ness of the victims, and the shocking manner in 
which some of them are torn always causes 
public tumult. In approximately twenty years 
past some thirteen people have been mauled by 
sharks on the beaches of Sydney and Newcastle, 
and the death-roll has been about 40%... .” 


The following is an extract of a letter received 
from Mr. Gilbert P. Whitley, Ichthyologist of 
the Australian Museum at Sydney under date 
of July 16, 1929: 


“. .- In Australia, human beings have fre- 
quently been attacked by sharks. A special look- 
out is always kept on the beaches by a man 
stationed in a shark-tower overlooking the water. 
When a shark is sighted in the clear water, a 
bell is rung and the bathers lose no time in leav- 
ing the SUE... 


“ ... Some fifteen persons have been badly 
injured or killed by sharks in New South Wales 
in the last ten years and it is noteworthy that 
most of the attacks took place towards dusk and 
between January and April, when the summer 
Whaler Shark (Carcharhinus macrurus), effectively en- is hottest and people flock to the surfing beaches. 


meshed in a shark net. Photographed by T. C. Roughly. Some of the cases recovered after receiving 
From The Australian Museum Magazine. 


“... Up till about 20 years ago the fatalities 
were confined to the estuaries, but at about that 
time surf bathing began to have an extensive 
vogue, and shortly afterwards an occasional fa- 
tality occurred amongst surf bathers, but always 
when they were swimming outside the first line 
of breakers. It was thought for many years 
that bathers were safe so long as they kept in 
the broken water, but during the last couple of 
years bathers have on two occasions been at- 
tacked right in the surf. 


“Persons attacked usually have their flesh torn 
most frightfully, the amputation of one or more 
limbs may be rendered necessary, and frequently 
the patient dies from shock and loss of blood. 
After the initial attack the shark usually returns 
quickly and continues the attack until it is fright- 
ened away by other bathers rushing to the rescue. 
There have been many heroic deeds by bathers 
in their rescues of persons attacked. 


“The greatest risk of attack appears to be at 
dusk; it is then that the greater proportion of 
the fatalities have occurred. 


“.... The number of attacks by sharks upon 
surf bathers has increased during recent years, 
but that is probably due solely to the fact that 
the number of bathers has increased. During the 
summer months, on week-ends and holidays, some 
of the ocean beaches in the vicinity of Sydney 
are so crowded with bathers that it is difficult to 
move freely in the water... .” 


4 i Skinning a Tiger Shark, Shark-leather Station. Tortola, 
Mr. A. H. Chisholm of the Sydney Daily B. W. I. Photograph from Capt. W. E. Young. 
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A shark about ten feet 


Carcharhinus commersonit. 
long regarded as dangerous in Caribbean and Medi- 


Called Ground Shark in Florida. 
Dunedin, Florida. 


terranean waters. 
Photograph from S. A. Williams, 


frightful injuries whilst the majority of the vic- 
roms <CheCk: e316 

“, .. The shark menace is a very real one 
around Sydney in the summer and many efforts 
at building shark-proof fences across beaches, 
netting sharks, and catching them by other de- 
vices have been made... .” 


Mr. F. A. Potter, Director of the Aquarium 
at Honolulu, in addition to reporting on the 
clippings sent to him cited several other in- 
stances of killings and mutilations by sharks. In 
his comments on the subject he says: “Sharks 
will at times attack not only men but canoes— 
when sharks are hungry they grab at anything 
they see in the water.” 

Mr. O. W. Barrett, Agricultural Director, 
Porto Rico, under date of August 28, 1928, 
reported : 
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“ ... We have had several fatal cases near 
San Juan during the past five years. . . . One 
of our worst cases was that of an American 
school teacher who was swimming too far from 
the beach, and the whole right hip was taken off 
with one bite. 


In the Journal of Tropical Medicine, Octo- 
ber 1, 1930, Dr. J. Burton Cleland, Professor 
of Anatomy, University of Adelaide, Australia, 
describes in detail seventeen cases of killings 
or mutilations by sharks and refers to eleven 
others described in two previous medical articles 


published by himself. 

Dr. James M. Phalen, U. S. Army, Canal 
Zone, writes in The Military Surgeon, March, 
1929, of a “Fatality from Bite of Shark” in 
Panama Bay. 

Extract from a letter from Mr. John E. Kirby 
(New York, October 14, 1927) to Captain Din- 


ning and by him sent to me: 


“,.. Soon after the surrender of the Spanish 
army ai Santiago, Cuba, I was one of a party of 
thirteen out in a sail boat. The boat capsized 
and sank. We were compelled to swim to the 
shore and out of thirteen men the sharks dragged 
down six. We could see the sharks very plainly. 
After that we were stopped from bathing by the 
commanding officer, until a wire mesh was placed 
to protect us.” 


During the month of October, 1931, it 
chanced that three friends in New York spoke 
of shark accidents: 

Mr. Edwin Lefevre told me of attending when 
a boy, the funeral of a schoolmate in Panama 


who had been killed by a shark. 
Mr. Ralph De Sola told of an attack by a 
shark which he witnessed in Tampico harbor 


in June, 1929: 


“Just as the freighter Casanova [on which he 
was a passenger], was dropping her anchor, a 
member of the crew dove over the side for a 
swim. He disappeared only a boat’s length away. 
The third mate seized a boat hook and descended 
into the waiting pilot’s launch. The man’s head 
appeared and signs of a struggle were seen as 
the dorsal fin of a shark appeared near the sea- 
man’s head. He was rescued minus a leg, bitten 
clean off below the right knee, and sent to the 
hospital.” 


Mr. H. C. Raven said that while in the Dutch 
East Indies an officer of a: Dutch steamer told 


him of a fatal shark accident: 


“While anchored off one of the Natuna islands, 
an engineer was swimming near the ship. A 
shark appeared and bit off his leg. His body 
was recovered before it sank.” 

The Cuban Government on September 5, 1931, 


cancelled the exclusive shark fishing conces- 
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sion held by a Havana company and declared 
This action 
was taken in the hope of ridding the waters 


shark fishing open to the public. 


near Havana of man-eaters “which have killed 
three bathers in the last ten days.” 

Lack of space does not permit consideration 
of the abundant note- and scrap-book material 
remaining at hand on this subject. It extends 
from the Caribbean Sea to the Indian Ocean 
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and will serve for another equally unpleasant 
chapter later on. 

Fortunately for the commercial fisheries as 
well as for humanity in general, the recent 
extension of the shark-leather industry to many 
parts of the world has served to put a worth- 
while price on the head and hide of an old 
criminal still at large, long known to sailors 


as. Jack Shark.” 


The steam-powered, whale-killing boat of to-day is usually about 100 feet long 


and has a harpoon-firing cannon mounted on the bow. 


Photograph from Bryu, 


Sandefjord, Norway. 


Wher the Nineteenth Century Whaler Made His Catch 


Cuarues Haskins TownsEnv 


T has always been recognized that the dis- 


tribution and seasonal movements of whales 


in the wide expanse of the seas were not well 
known. 

While examining logbooks of whaling vessels 
in the New Bedford Public Library, it became 
apparent to me that they represented a supply 
of hitherto unused records available for addi- 
tional information on this subject. The log- 
books, hundreds in number, show clearly where 
the nineteenth century whaler made his catches 
of sperm, bowhead, right, gray, humpback and 
occasionally other species. A little experimental 
plotting on a chart indicated that much could 
be learned of distribution by extensive work of 
this sort and by using a separate chart for 
each species. It was also evident that by using 
a distinctive color for each month’s captures, the 
movements of whales would be apparent to a 


considerable degree. ‘The plotting of the posi- 
tions of whaleships on days when whales were 
taken, threw light on the locations and dimen- 
sions of the “whaling grounds” frequented by 
the old-time whalers as well as the seasons when 
they were visited. 

Another large collection of nineteenth cen- 
tury logbooks was found in the Whaling Mu- 
seum of Old Dartmouth Historical Society in 
New Bedford. Other important collections of 
whale-ship logs have been located at Nantucket, 
Salem and other New England ports celebrated 
in the history of the whaling industry. The 
compilation of records to be found in these 
towns will be taken up on behalf of the New 
York Zoological Society as soon as the work in 
New Bedford is completed. 

The chart presented herewith contains only 


The 


the first lot of records on sperm whaling. 
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A sperm whaler of 805 tons 


Photograph by Tripp, New Bedford. 


A nineteenth century whaler, the bark Morning Star of New Bedford. 
built in 1858. 
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total number of sperm whales represented by 
the plottings on it is 11,026. Each month’s 
captures being distinctively colored, they pre- 
sent evidence of considerable movement of 
whales away from the Equator according to 
season. A study of this chart shows that the 
catch of sperm whales by the nineteenth century 
whaler was made chiefly between the north and 
south latitudes of forty degrees. The known 
distribution of this species both northward and 
southward is somewhat wider. It is in general 
an inhabitant of tropical and temperate seas, 
ranging into cold waters only in limited num- 
bers. A few stragglers are now being taken in 
Antarctic waters. ‘The sperm whaler made voy- 
ages lasting from two to four years. He sailed 
all tropical and temperate seas and operated at 
all seasons. The “whaling grounds’ as shown 
on the six charts now in preparation are nat- 
urally very widely scattered, whales being 
found in cold, temperate and tropical seas both 
north and south. Some species are of limited 
distribution while others migrate extensively ac- 
cording to season, sea temperature, breeding 
range or food supply. 

We are here dealing with whaling operations 
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as conducted when sailing vessels were employed 
and whales were killed with harpoons thrown 
from open boats. The whales taken were the 
slower species that could be captured by such 
methods and that did not sink when killed. 
The nineteenth century whaler did not take 
the great blue whale, the finback and other 
kinds now being captured in great numbers by 
more effective equipment and his logbooks con- 
tain little or nothing about them. 

Twentieth century whaling, at present involv- 
ing the killing of over 30,000 whalebone whales 
a year, is vastly more destructive. The catch 
is made by steam-powered hunting boats carry- 
ing small cannon and whales are towed to a 
limited number of stations on shore or to large 
cruising factory steamers. Forty factory ves- 
sels and a smaller number of shore stations are 
sufficient for the enormous annual catch of to- 
day, while the old time sailing fleet numbered 
hundreds of vessels. In 1846 there were 735 
whaling vessels sailing under the flag of the 
United States. At its best period that great 
fleet probably captured less than 10,000 whales 
a year. 

The plottings on the sperm whale chart 


Sperm whale with mouth open. 
Photograph from Bryn, Sandefjord. 


This is the only large whale with teeth. 
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The Antarctic whaler, Sir James Clark Ross. 
are pulled on board. 


massed along or near the Equator, are confus- 
ing. The chart became overloaded with data 
before we realized that there might be a better 
method of presentation. 
supply of records on hand representing per- 
haps more than 10,000 additional captures of 
sperm whales, these are be- 
ing plotted on two charts— 
one for the April-September 
season, the other for the rest 
of the year. These cannot 
be completed until after fur- 
ther records have been cop- 
ied from logbooks, especially 
those coming from Nan- 
tucket. The charts already 
show clearly the seasonal oc- 


As there is a similar 


cillation of sperm whales 
between north and south lat- 
itudes. 


The plottings on the chart 
presented in this Bulletin 
make it of service chiefly as 
showing positions and extent 
of whaling grounds. It is 
not to be expected that the 
seasonal movements of 
sperm whales in the broad 


Showing slip through which whales 
Photograph by C. H. Townsend, 1931. 


Antarctic whaler, Sir James Clark Ross. 
are pulled on board. 
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Pacific will correspond very 
closely with those of the 
much Atlantic. 
ive wereat) currents. ole uie 
two oceans differ in direc- 
tion and force and there are 
differences. 


narrower 


great climatic 
The movements of sperm 
whales in the Indian Ocean 
are geographically limited at 
the north. Most of the catch 
there was made south of the 
Equator. Such conditions af- 
fecting movements of whales 
as winds, temperature, salin- 
ity and food are not con- 
sidered shere, Dhe toodmor 
the heavily - toothed sperm 
whale is altogether different 
from that of the whalebone 
whales of paramount cem- 
mercial importance today. 


It will be seen that in the 
North Atlantic, the plotted areas above lati- 
tude twenty-five degrees are with few excep- 
ions, ton the Apml-september. periody The 
massed plottings in the Sargasso region are 
almost entirely those pertaining to the summer 


season of the northern hemisphere. Between 


View toward slip through which whales 
Photograph by C. H. Townsend. 
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Antarctic whaler, Sir James Clark Ross. 


north latitude twenty-five degrees and _ the 
Equator, whales were taken chiefly during the 
October-March season. Along the east coast of 
South America, the catches were largely made 
during the same season or summer time in the 
southern hemisphere. Along latitude thirty-five 
degrees south, toward the Cape of Good Hope, 
whaling data are also for the October-March 
season. Off Japan and along latitude thirty 
degrees north, the plottings are those of the 
April-September season. 


In the Pacific and to some extent in the At- 
lantic equatorial belts, catches for all months 
of the year are represented. Off the west coast 
of South America south of the Equator, the 
plottings pertain mostly to the summer season 
of the southern hemisphere. There was much 
whaling off Peru at this season. Off the west 
coast of South Africa, the extensive whaling 
during all months of the year may be attributed 
to the effect of the cool, northward-flowing Ben- 
The massed areas off the west 
coast of northern South America, where whaling 
was also carried on at all seasons, may be sim- 
ilarly explained by the cool northward-flowing 
Humboldt Current. This current, deflected 
westward at the Equator is responsible for the 


guela Current. 
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View aft along the flensing deck. 
Photograph by C. H. Townsend. 


SOCIETY MT 
uniformly cool sea tempera- 
tures about the Galapagos 
Archipelago where large 
numbers of sperm whales 
were taken during more 


than half a century. 
Whaling Grounds.—There 


is frequent mention in the 
logs of sperm “whaling 
grounds,” twelve of which 
were in the North Atlantic: 
Western Grounds (31°N. 
50°W.). This is the great 
mid-ocean Sargasso region, 
its center being in the lati- 
tude of Bermuda and nearer 
Bermuda than Madeira. 
Whaling was carried on here 
almost entirely during the 
season from April to Sep- 
tember, inclusive. 


ihesWoesterny Cslands 
Ground (87°N.25°-33°W.), 
was around the Azores where sperm whaling 
was done mostly in summer. The Charleston 
Grounds (30°N.70°-77°W.), lay between Hat- 
teras and the Bahamas, mostly to the eastward 
of the Gulf Stream. The Cornell Ground 
(6°N.20°W.), was a winter ground between 
the Cape Verde Islands and the Equator. 

The Steen Ground (31°-36°N.21°-24°W.), 
lay west of Madeira, where sperm whales were 
taken both in summer and winter. The Two- 
Forties (40°N.40°W.), lying northwest of the 
Azores, was visited in summer. On the Twenty- 
Twenties (20°N.20°W.), north of Cape Verde 
Islands, whales were taken during the winter 
months. The 'T'wo-Thirty-sizes (836°N.36°W.), 
southwest of the Azores, was mostly a summer 
ground. A mid-ocean whaling ground known 
as the Twelve-Forty (12°N.40°W.), between 
the West Indies and Cape Verde Islands was 
visited from February to May inclusive. This 
area is frequently mentioned in the logs. 

The St. Antonio Ground (18°N.26°W.) seems 
to be about the same as the Twenty-Twenties. 

The Southern Ground (36°-38°N.72°-74°W.) 
had its center in the latitude of Norfolk. It 
was an extensive Gulf Stream area as indicated 
by the plottings, frequented almost entirely in 
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summer. The Hatteras Ground, also visited in 
summer, lay off the Cape along the Gulf Stream. 

Another summer whaling ground was called 
Gulf of Mexico Ground (28°-29°N.89°90°W.). 
Often mentioned in the logs was the Commo- 
dore Morris Ground (50°-52°N.21°-24°W.), 
a summer whaling field southwest of the British 
Isles, the most northerly Atlantic sperm whaling 
ground according to our records, its moderate 
sea temperature being influenced by the North 
Atlantic Drift of the Gulf Stream. There were 
four sperm whaling grounds in the South At- 
lantic frequently mentioned in the log books: 
The Brazil Banks, actually off Argentina, 
(roughly 39°-42°S.57°-60°W.), was also a 
right whaling ground, first fished about 1774; 
the Cornell Ground (17°S.8°W.) around St. 
Helena; the Platte Grounds (34°-37°S.48°- 
52°W.) off Rio de la Plata, visited by sperm 
whalers from October to March inclusive, and 
the Tristan Grounds (33°-39°S.10°-23°W.) be- 
ing the region around Tristan da Cunha Islands. 
Woolwich Bay (Walfisch Bay) west coast of 
Africa, and coast of Patagonia are common log- 
book names of sperm whaling grounds. 

In the North Pacific a sperm whaling region 
often referred to was the Japan Grounds (29°- 
32°N.160°-175°E.) extending westward from 
Midway Island. It was a famous whaling area 
discovered in 1820. Sperm whaling was also 
practiced off the coast of Japan but so far we 
find no logbook name for this ground. 

The Off-shore Grounds (5°-10°S.105°- 
125°W.) lay west of the Galapagos Islands, on 
and south of the Equator. It was the most 
famous of the Pacific sperm whaling regions and 
was visited at all seasons. It was discovered 
with much acclaim in 1818. The whaling 
grounds called On The Line lay along the equa- 
torial region westward from the Off Shore 
Grounds. Sperm whales were taken there at 
all seasons. 

French Rock Grounds (32°S.180) fished dur- 
ing most of the year, lay around the Kermadec 
Islands north of New Zealand. Middle Ground 
was between New Zealand and Australia. 

Whalemen often referred to other Pacific 
sperm whaling areas, the positions of which are 
obvious: Panama Bay, Galapagos, Coast of 
Chili, Callao and Coast of New Holland (or 
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later Australia) generally in reference to the 
west and south coasts. Among the islands be- 
tween Australia and the Philippines there was 
sperm whaling at all seasons, one area being 
the Sooloo Ground in the Mindoro Sea. ‘There 
was a distinct seasonal movement of whales 
between the Sulu Sea and the Celebes Sea. 
Sperm whaling grounds in the Indian Ocean 
were known as Coast of Arabia, Mahe Banks, 
Seychelles, Delagoa Bay, Zanzibar and Mozam- 
bique. Whaling in the Arabian Sea (Lat. 15°N.) 
was done chiefly in December and January. 

In listing the sperm whaling grounds, fre- 
quented by the old-time whalers, we have taken 
only the names used in the logbooks. Other 
grounds are referred to but not in connection 
with sperm whaling. 

It should be explained that on a few whaling 
grounds where the plottings are very dense, 
the draughtsman extended the areas slightly for 
lack of space. These are off the west coast of 
South Africa and off the east coast of South 
America; around the Galapagos Islands; off 
Northern New Zealand and off the north coast 
of Japan. 

In other charts now in preparation, this diffi- 
culty is avoided by omitting some of the data, 
rather than extend the ground beyond actual 
whaling limits. 

The sperm whale, formerly abundant, still 
figures in the catch of the twentieth century 
whaler. It is taken, but to a very limited extent, 
mostly at shore stations on the coasts of Japan, 
Norway and South Africa, stragglers being 
found as far south as South Georgia and the 
summer border of the Antarctic ice. The total 
number of sperm whales taken during the season 
of 1929-30 was 1,352, the world catch of all 
species for that period being 38,563—the great- 
est number of whales ever taken in one season. 

The additional charts in preparation for the 
New York Zoological Society will show positions 
where many thousands of whales, of five species, 
were taken during the nineteenth century. 


The Whaling Season of 1929-1930 


The Norwegian Whaling Gazette in the Sep- 
tember number of 1931 announces the world 
catch during the season of 1929-1930 to have 
amounted to the surprising number of 38,563 


Vol. caxiv, No. 6 N EW 
whales. Of this record number, 19,080 were 
blue whales, 14,350 finback, 1923 humpback, 
922 sei, 1,352 sperm and 936 of other species. 
The bulk of the catch, 30,654 whales, was made 
in Antarctic waters and chiefly by Norwegians. 
The remainder, 7,909, were taken in tropical 
and northern seas, that of Japan being largest 
with 1,714 whales. Thirty of these were the 
rather scarce gray whales, confined to the North 
Pacific and 753 were sperm whales. 

Operating off the Santa Barbara Islands 
along our own coast and off Lower California, 
the whaler Lansing, with which the writer 
cruised in 1929, took 300 whales. Shore sta- 
tions in Alaska and British Columbia captured 
675 whales. | 

On April 20 the writer boarded the Nor- 
wegian Antarctic whaler Sir James Clark Ross 
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at Staten Island where the vessel’s catch, 55,000 
barrels, was sold to one firm for soap making, 
at an estimated value of over $1,500,000. The 
Ross had seven steam whale-killing boats, a 
crew of 245 men and had taken during the 
season 1,445 whales. This vessel was followed 
to Staten Island ten days later by the Antarctic 
whaler, C. dA. Larsen, with a catch of whales 
nearly as large. The total world yield of whale 
oil for the season of 1929-30, exceeded 3,427,- 
000 barrels. There was great overproduction 
and most of the oil went to storage, with the 
result that whaling in general is suspended for 
the present year. The whales need a respite, 
in fact a longer one than they are likely to get. 

The Antarctic field, in the whaling industry 
of the past few years, has been exploited with 
remarkable intensity. 


~~ + -@ 


The Supply of Fresh-water Fishes 


During recent years the Aquarium has found 
it increasingly difficult to maintain a satisfac- 
tory collection of Eastern fresh-water fishes. 
The local sources of supply, fairly productive 
twenty-five years ago, no longer yield fishes of 
the larger sizes. ‘The exhibits of basses, perches, 
pickerels, catfishes, sunfishes, et cetera, repre- 
senting numerous species of these families, 
have long consisted of rather small specimens. 


Among the causes contributing to the diminu- 
tion of the supply are a great increase in the 
number of anglers, as a result of extensive road 
building, and the ever rising numbers of auto- 
mobiles cruising through the rural sections of 
the whole country. Angling waters have be- 
come more and more accessible to campers. 
Waters once pure now suffer from manufactur- 
ing wastes, sewage and oil washed from high- 
ways. The fish supply of the markets is now 
derived chietly from ithe ysea, Pheremis: little 
fresh-water market stock available except what 
comes from the Great Lakes, the lakes of Can- 
ada and the Mississippi River. The Great 
Lakes have suffered from long-continued and 
exhaustive commercial fishing. 

In May of the present year the Aquarium 
secured a truck so that its collector could go 
farther afield. Permits were obtained for the 


drawing of seines in distant reservoirs where 
larger fishes were secured “strictly for exhibi- 
tion in the Aquarium.” ‘This effected consider- 
able improvement in our collection but the re- 
sults were not all that could be desired. As 
many years had passed since the Aquarium re- 
ceived fishes from the Mississippi, it seemed 
advisable to vary the collection with additional 
species. 
sent to the Government ITisheries Station, at 
Fairport, Iowa, where they secured about two 
thousand fishes by seining in the great river. 
These were held in the Government ponds at 
Fairport until the work of collecting was com- 
pleted. By special with the 
Nuchem-Messing Live Fish Corporation of New 
York, one of their tank cars, used in the trans- 
portation of live fishes, called at Fairport on its 
return trip and brought back the Aquarium 
collection. 


Accordingly, two of our men were 


arrangement 


In addition to larger specimens of widely 
distributed fishes, not readily available in the 
Kast, there were numerous species belonging to 
the Mississippi and its tributaries. Among the 
latter are shove-nose sturgeon, fresh-water drum, 
buffalo fish, white bass, yellow bass, quill-back 
sucker, moon-eye, gizzard shad, channel cat- 
fish, crappie and various sunfishes. The arrival 
of these and others equally interesting, has pro- 
vided a good exhibit of fresh-water fishes. 
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Growth of Galapagos ‘Tortoises 
CuHarvurEs Haskins TowNsEND 


1 the writer 


N a recent issue of Zoologica, 
if published certain records showing the growth 
of Galapagos tortoises in captivity. Brought to 
the United States by the writer early in 1928,” 
by authority of the Zoological Society. Located 
at several places in the South where climatic 
conditions were believed to be favorable, most 


of them have increased rapidly in size. 
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Superior, Ariz. .... 3 71 126 V7 
Sain Diego, Caluhizccs 1) 479 1411 195 
IBXSPONGIE, -. oa odode oe 10 66 299 355 
Henolulu, T. H..... 6 159 ABA 173 
Owen, AWISS 266665 6 20 35 75 


3Tortoises now at Opa-Locka, Florida. 

The uneven rates of growth among the ditfer- 
ent colonies of tortoises as shown in the above 
record, are attributable to location and method 
The tortoises in Arizona lived 
almost entirely on prickly pears, abundant in 


of treatment. 


the cactus grove where they were confined. 


Galapagos Tortoise (Testudo vicina). Weight, October 1, 1928, forty-eight pounds. 
Its growth was slow until January, 1930, when as the result of heavier feeding, 


the white lines indicative of rapid growth began to develop. 
1, 1931, was eighty-seven pounds. 


As these animals are known to attain weights 
exceeding 500 pounds, they were popularly sup- 
posed to be of slow growth. Tortoises of great 
size were believed to have lived a century or 
more. The records of growtl: of the Zoological 
Society’s colonies were, when published, sur- 
prising to most naturalists. The rate of in- 
crease in size has continued to be rapid since 
their individual weights were recorded in 1930. 
The following table shows the total weight at- 


tained by each colony between 1928 and 1931: 


Number of ‘Total Total Increase 
Place tortoises Ibs. 1928 Ibs. 19381 % 
JsseielncO,: IA. cas oc 5 5 254. 626 
Opa-Locka, Fla..... 5 42 248 4.90 
BisS@ayare licker anne nels B34 714 114 

Lignum Vitae, Fla.. 8 248 635 Ia 
New Orleans, La... if 100 365 265 
Houston, Texas .... 14 192 984, 413 


San Antonio, Texas. 8 ay, 455 310 


IZoologica Vo. IX, No. 18. N. Y. Zool. Soc. 19381. 
“Zoological Society Bull. Sept.-Oct. 1928. 


Its weight on August 
It is about twelve years old. 
There were also some early losses in Arizona 
from cold weather. Those on Lignum Vitae 
All the 
others lived on grassy ranges in public or pri- 
vate zoological gardens where they also received 
a variety of vegetables. Very generous feeding 
at some places served to stimulate growth. 
There have been as yet no signs of breeding. 
Only a few of the tortoises 
weights exceeding 100 pounds. 


Island subsisted entirely on grasses. 


have reached 
The breeding 
age is unknown. 

Having among these tortoises three individ- 

uals held in captivity at Guayaquil, Ecuador, 
from infancy, we find that the annual rings of 
growth on their plates correspond with their 
known age. 
_ A few young tortoises are still retained at the 
New York Zoological Park where their growth 
has been much slower than among those located 
in the South. 
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SPERM WHALING GROUNDS OF THE NINETEENTH CENTURY 
Based on Logbook Records Dating from 1821 to 1899 


Each colored plotting represents the position of a whale-ship on a day when one or more sperm whales were taken. Each month’s 
whaling is colored distinctively (See at left, key to colors). Positions in full represent an aggregate catch of 11,026 sperm whales. 


Prepared under the direction of Charles Haskins Townsend. Records compiled by A.C. Watson. Draughtsman, R. W. Richmond. 
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General Information 


Membership: Membership is available to all persons 
who are interested in the work of the Society and 
wish to lend financial aid toward its support, and 
cooperate in the future development of the Zoological 
Park and the Aquarium. 


Classes: General membership in the Society is $10.00, 
payable annually; by payment of $200 anyone can 
become a Life Member; a contributor of $1,000 be- 
comes a Patron; $2,500 an Associate Founder; 
$5,000 a Founder; $10,000 a Founder in Perpetuity, 
and $25,000 a Benefactor. 


Benefits of Membership: All classes of members of 
the Society are entitled to receive every publication, 
the privileges of the Administration Building, lec- 
tures, open meetings, entertainments, exhibitions and 
free admission to the Aquarium and the Zoological 
Park every day throughout the year. Complimentary 
coupon ticket books are issued to each member for 
use at the Park on the two days of each week when 
admission is charged, and which were set aside pri- 
marilv for the benefit of the members and _ their 


friends so that the collections might be seen to the 
best advantage. 


Forms: Information concerning membership can be . 
obtained at the Aquarium or the Zoological Park, 
where application forms will be furnished on request. 
Signed applications for membership may be given to 
the Director of the Zoological Park, the Director of 
the Aquarium or mailed directly to the Secretary, 
William White Niles, 101 Park Avenue, New York 
City, for action by the Executive Committee of the 
Society. 


Zoological Park: The Park is open every day in the 
year from 10 o’clock in the morning until one-half 
hour before sunset; admission to the Park is free 
every day except on Mondays and Thursdays when 
an admission fee is charged. All holidays are free. 


New York Aquarium: The Aquarium is open every 
day, April 1 to September 30, from 9 o’clock in the 
morning until 5 o’clock in the afternoon; and October 
1 to March 81, from 9 o’clock in the morning until 
4. o’clock in the afternoon. No admission is charged. 


Publications 


Annual Report: Documents and reports of the va- 
rius departments. Early editions contain articles of 
scientific value. Illustrated. 


Zoologica: Scientific contributions of the New York 
Zoological Society. Technical and generally taxo- 
nomic description. Volumes I, II, III, IV, V, Vi 
completed. Other volumes in preparation. Irreg- 
ular. Issued as subjects are presented. Illustrated. 


Zoopathologica: Scientific contributions of the New 
York Zoological Society on the diseases of animals. 
Technical and generally taxonomic description. Vol- 
ume I completed. Volume II in preparation. Ir- 
regular. Issued as subjects are presented. Illustrated. 


Bulletin: Official publication of the New York Zoo- 
logical Society ; devoted to the work of the Park and 
the Aquarium. Popular natural history profusely il- 
lustrated. ‘Thirty-three volumes completed. Volume 
XXXIV in preparation. Issued bi-monthly. 


Heads and Horns Brochure: Devoted to the collec: 
tion of Heads and Horns Museum. Nos. 1 and 2 
completed. Illustrated. Publication temporarily dis- 
continued. 


Guide Book: Official guide to the Zoological Park 
Collections (Hornaday). Profusely illustrated. 21 
editions issued. Published as needed. 


Animals: Art Stamps; 32 pp. 120 color stamp ills. 

Child’s Book: Wild Animals; 96 pp. 50 color ills. 

View of Park: Book; 24 pp. 75 color ills. 

Post cards: 68 subjects in colors. 

Panorama: Bird’s-eye View, Zoological Park (out 
of print). 

Photogravures, Enlargements, etc. 

Pets and How to Care for Them (Crandall) ; 803 pp. 
59 ills. 


Pheasants: Their Lives and Homes (Beebe); 2 vols. 
4 ills. | 

Galapagos: World’s End (Beebe); 444 pp. 107 ills., 
24 in colors. 

The Arcturus Adventure (Beebe); 449 pp. 177 ills. 

Tropical Wild Life (Beebe; Hartley; Howes); 504 
pp. 148 ills. 

For all publications, other than those referring to 
the Aquarium or Aquatic Life—address: H. R. 
MitrcHett, Manager, 185th St. and Southern Boule- 
vard, New York City. 


Guide Book: Official guide to the Aquarium collec- 
tions (‘‘ownsend). Profusely illustrated, three 
editions issued. Published as needed. 


Sea Shore Life (Mayor); 181 pp. 119 ills. Out of 
print. To be re-issued. 
Cultivations of Fishes (Townsend); 27 pp. 17 ills. 


Northern Elephant Sea (Townsend); 17 pp. 21 ills. 


Porpoise in Captivity (Townsend); 11 pp. 14 ills. 
Whale Shark (Gudger); (out of print). 
Gaff-topsail Catfish (Gudger); 45 pp. 12 ills. 


Galapagos Tortoises (Townsend) ; 82 pp. 496 ills. 

Locomotion of Fishes (Breder); 1388 pp. 465 ills. 

Marine Fishes (Nichols-Breder) ; 192 pp. 268 ills. 

Fishes in the Home (Mellen); 178 pp. 68 ills. 

The Public Aquarium (Townsend) ; 97 pp. 47 ills. 

Color Changes of Fishes (Townsend) ; 58 pp. 11 figs. 
and 27 color plates. 

The Fur Seal of the California Islands (Townsend) ; 
8 pp. 1 color plate, 11 text figs. In boards. 
Growth and Age in the Giant Tortoise of the Gala- 

pagos (Townsend); 8 pp. 18 text figs. In boards. 

For all Aquarium publications or any work relat- 

ing to Aquatic Life, address the New Yorx Aaqua- 
rium, Battery Park, New York City. 


A completely classified list of the publications of the Society, with the subject headings of the various 
articles printed in the Reports, Zoologica, Zoopathologica, and re-prints from them will be furnished on 


request. 
this circumstance. 


Some of the publications have become exhausted and orders for any issues will be governed by 
Back numbers of the Bullefin can not be supplied. Address: H. R. Mrrcnerr, Mana- 


ger, Zoological Park, 185th St. and Southern Boulevard, New York City. 
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